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Project Specific Water Quality Management Plan
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A Brief Introduction

This Project-Specific WQMP Template for the Santa Ana Region has been prepared to help guide you in
documenting compliance for your project. Because this document has been designed to specifically
document compliance, you will need to utilize the WQMP Guidance Document as your “how-to” manual
to help guide you through this process. Both the Template and Guidance Document go hand-in-hand, and
will help facilitate a well-prepared Project-Specific WQMP. Below is a flowchart for the layout of this
Template that will provide the steps required to document compliance.




OWNER’S CERTIFICATION

This Project-Specific Water Quality Management Plan (WQMP) has been prepared for ZAIREY, Inc by SB&O, Inc. for
the Bamiyan Marketplace project.

This WQMP is intended to comply with the requirements of City of Lake Elsinore for TTM TTM 37578 which includes
the requirement for the preparation and implementation of a Project-Specific WQMP.

The undersigned, while owning the property/project described in the preceding paragraph, shall be responsible for
the implementation and funding of this WQMP and will ensure that this WQMP is amended as appropriate to reflect
up-to-date conditions on the site. In addition, the property owner accepts responsibility for interim operation and
maintenance of Stormwater BMPs until such time as this responsibility is formally transferred to a subsequent
owner. This WQMP will be reviewed with the facility operator, facility supervisors, employees, tenants, maintenance
and service contractors, or any other party (or parties) having responsibility for implementing portions of this
WQMP. At least one copy of this WQMP will be maintained at the project site or project office in perpetuity. The
undersigned is authorized to certify and to approve implementation of this WQMP. The undersigned is aware that
implementation of this WQMP is enforceable under City of Lake Elsinore Water Quality Ordinance (Municipal
Code Section14.08).

"I, the undersigned, certify under penalty of law that the provisions of this WQMP have been reviewed and accepted
and that the WQMP will be transferred to future successors in interest."
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PREPARER’S CERTIFICATION

“The selection, sizing and design of stormwater treatment and other stormwater quality and quantity control
measures in this plan meet the requirements of Regional Water Quality Control Board Order No. R8-2010-0033 and
any subsequent amendments thereto.”
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Section A: Project and Site Information

PROJECT INFORMATION

Type of Project: Commercial, Gas Station, Mixed Use, Multi-family Residential
Planning Area: TTM 37578

Community Name: Lake Elsinore

Development Name: Bamiyan Marketplace

PROJECT LOCATION
Latitude & Longitude (DMS): 33.659054N /117.378454W
Project Watershed and Sub-Watershed: Santa Ana Watershed

Gross Acres: 12.5 Gross / 11.8 acres (post dedication)
APN(s): 381-320-020, 023

Map Book and Page No.: Book 8, Page 377

PROJECT CHARACTERISTICS

Proposed or Potential Land Use(s)

Proposed or Potential SIC Code(s)

Area of Impervious Project Footprint (SF)

Total Area of proposed Impervious Surfaces within the Project Footprint (SF)/or Replacement
Does the project consist of offsite road improvements?

Does the project propose to construct unpaved roads?

Is the project part of a larger common plan of development (phased project)?
EXISTING SITE CHARACTERISTICS

Total area of existing Impervious Surfaces within the Project limits Footprint (SF)

Is the project located within any MSHCP Criteria Cell?

If so, identify the Cell number:

Are there any natural hydrologic features on the project site?

Is a Geotechnical Report attached?

If no Geotech. Report, list the NRCS soils type(s) present on the site (A, B, C and/or D)
What is the Water Quality Design Storm Depth for the project?

Commercial / Residential
5541, 5812, 5999

437,931
338,700

Xy [N
[y XN
]y XN
Paved frontage
[y XN
N/A

]y [XN
Xy [N
A

0.93in

A.1 Maps and Site Plans

When completing your Project-Specific WQMP, include a map of the local vicinity and existing site. In
addition, include all grading, drainage, landscape/plant palette and other pertinent construction plans in

Appendix 2. At a minimum, your WQMP Site Plan should include the following:

¢ Drainage Management Areas e Source Control BMPs

e Proposed Structural BMPs e Buildings, Roof Lines, Downspouts
¢ Drainage Path ¢ Impervious Surfaces

e Drainage Infrastructure, Inlets, Overflows e Standard Labeling

e BMP Locations (Lat/Long)

Use your discretion on whether or not you may need to create multiple sheets or can appropriately
accommodate these features on one or two sheets. Keep in mind that the Co-Permittee plan reviewer
must be able to easily analyze your project utilizing this template and its associated site plans and maps.

-6-




A.2 Identify Receiving Waters

Using Table A.1 below, list in order of upstream to downstream, the receiving waters that the project site
is tributary to. Continue to fill each row with the Receiving Water’s 303(d) listed impairments (if any),
designated beneficial uses, and proximity, if any, to a RARE beneficial use. Include a map of the receiving
waters in Appendix 1.

Table A.1 Identification of Receiving Waters

Receiving
Waters

EPA Approved 303(d) List Impairments

Designated
Beneficial Uses

Proximity
RARE
Beneficial Use

to

Lake Elsinore

Nutrients, Organic Enrichment/Low Dissolved Oxygen,
Sediment Toxicity, Unknown Toxicity

PCBs,

MUN, REC1, REC2,
WARM, WILD

N/A

A.3 Additional Permits/Approvals required for the Project:

Table A.2 Other Applicable Permits

Tentative Map, CUP, Construction permits

Agency Permit Required
State Department of Fish and Game, 1602 Streambed Alteration Agreement []y XN
State Water Resources Control Board, Clean Water Act (CWA) Section 401 Water Quality Cert. |:| Y |X| N
US Army Corps of Engineers, CWA Section 404 Permit |:| Y |X| N
US Fish and Wildlife, Endangered Species Act Section 7 Biological Opinion |:| Y |X| N
Statewide Construction General Permit Coverage Xy LN
Statewide Industrial General Permit Coverage L]y XN
Western Riverside MSHCP Consistency Approval (e.g., JPR, DBESP) ]y XIN
Other (please list in the space below as required) v N

If yes is answered to any of the questions above, the Co-Permittee may require proof of
approval/coverage from those agencies as applicable including documentation of any associated
requirements that may affect this Project-Specific WQMP.

Documentation of the above items are not applicable for a Preliminary SWQMP or the Discretionary phase

of the project.




Section B: Optimize Site Utilization (LID Principles)

Review of the information collected in Section ‘A’ will aid in identifying the principal constraints on site
design and selection of LID BMPs as well as opportunities to reduce imperviousness and incorporate LID
Principles into the site and landscape design. For example, constraints might include impermeable soils,
high groundwater, groundwater pollution or contaminated soils, steep slopes, geotechnical instability,
high-intensity land use, heavy pedestrian or vehicular traffic, utility locations or safety concerns.
Opportunities might include existing natural areas, low areas, oddly configured or otherwise unbuildable
parcels, easements and landscape amenities including open space and buffers (which can double as
locations for bioretention BMPs), and differences in elevation (which can provide hydraulic head).
Prepare a brief narrative for each of the site optimization strategies described below. This narrative will
help you as you proceed with your LID design and explain your design decisions to others.

The 2010 Santa Ana MS4 Permit further requires that LID Retention BMPs (Infiltration Only or Harvest and
Use) be used unless it can be shown that those BMPs are infeasible. Therefore, it is important that your
narrative identify and justify if there are any constraints that would prevent the use of those categories
of LID BMPs. Similarly, you should also note opportunities that exist which will be utilized during project
design. Upon completion of identifying Constraints and Opportunities, include these on your WQMP Site
planin Appendix 1.

Consideration of “highest and best use” of the discharge should also be considered. For example, Lake
Elsinore is evaporating faster than runoff from natural precipitation can recharge it. Requiring
infiltration of 85% of runoff events for projects tributary to Lake Elsinore would only exacerbate current
water quality problems associated with Pollutant concentration due to lake water evaporation. In cases
where rainfall events have low potential to recharge Lake Elsinore (i.e., no hydraulic connection
between groundwater to Lake Elsinore, or other factors), requiring infiltration of Urban Runoff from
projects is counterproductive to the overall watershed goals. Project proponents, in these cases, would
be allowed to discharge Urban Runoff, provided they used equally effective filtration based BMPs.

Site Optimization

The following questions are based upon Section 3.2 of the WQMP Guidance Document. Review of the
WQMP Guidance Document will help you determine how best to optimize your site and subsequently
identify opportunities and/or constraints, and document compliance.

Did you identify and preserve existing drainage patterns? If so, how? If not, why? Yes - Existing site drains
overland, northerly toward Lake Elsinore via existing storm drain system at the midpoint of the site. Box
culvert per Ortega Channel Retrofit Stage 91

Did you identify and protect existing vegetation? If so, how? If not, why? No. Site was previously
disturbed. Existing vegetation is non-native.

Did you identify and preserve natural infiltration capacity? If so, how? If not, why? No. Site is subject to
“Treat & Release” since it is tributary to Lake Elsinore.

Did you identify and minimize impervious area? If so, how? If not, why? Yes - Multi-story residential and
mixed-use buildings reducing the overall impervious footprint.

Did you identify and disperse runoff to adjacent pervious areas? If so, how? If not, why? Not feasible
based upon limited landscape dimensions.

-8-



Section C: Delineate

(DMAs)

Drainage

Management Areas

Utilizing the procedure in Section 3.3 of the WQMP Guidance Document which discusses the methods of
delineating and mapping your project site into individual DMAs, complete Table C.1 below to
appropriately categorize the types of classification (e.g., Type A, Type B, etc.) per DMA for your project
site. Upon completion of this table, this information will then be used to populate and tabulate the
corresponding tables for their respective DMA classifications.

Table C.1 DMA Classifications

DMA Name or ID Surface Type(s)*? Area (Sq. Ft.) DMA Type
A Street Improvements 5,833 D
B Street Improvements 24,101 D
C Street / Grand Entry 47,487 D
D Street Improvements 6,837 D
1 Gas Station 42,863 D
2 Parking Lot 10,854 D
3 Car Wash Area 35,948 D
4 Car Wash Exit 854 A
5 Ortega Entry 20,705 D
6 Car Wash Area 9,547 D
7 Truck Access 27,871 D
8 Covered Parking 13,340 D
9 Restaurant - West 7,842 D
10 Parking - Central 47,985 D
11 Paving near Residential Entry 14,406 D
12 Truck Access 15,916 D
13 Truck Access 8,224 D
14 Driveway — Macy Entry 5,468 D
15 Residential Area 176,108 b
16 Rear Slope Remainder A

1Reference Table 2-1 in the WQMP Guidance Document to populate this column.

2If multi-surface provide back-up.




Table C.2 Type ‘A’, Self-Treating Areas

DMA Name or ID

Area (Sq. Ft.)

Stabilization Type

Irrigation Type (if any)

4

854

Reused for Car Wash

Table C.3 Type ‘B’, Self-Retaining Areas

Type ‘C’ DMAs that are draining to the Self-Retaining

Self-Retaining Area Area

Area Storm

(square Depth Required Retention Depth
DMA Post-project feet) (inches) DMA Name [C] from Table C.4 ={(inches)
Name/ID |surface type  [[A] (B] ID [C] [D]

(D] = (5] + 21 1€

Table C.4 Type ‘C’, Areas that Drain to Self-Retaining Areas

DMA Receiving Self-Retaining DMA
- g
N 1) = oo S c
g o § .E)_-'. % E_ 2 Area (square
2 ez g_ o E @ |Product feet) Ratio
Z Al 8 5 |B] [C1=[AIx[B] [DMA name /D |[D] (C}/[D]
(=] a o /
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Table C.5 Type ‘D’, Areas Draining to BMPs

DMA Name or ID BMP Name or ID

Modular Wetland

Modular Wetland

Modular Wetland

Modular Wetland

Bioretention Basin

Bioretention Basin

Bioretention Basin

Modular Wetland

Bioretention Basin

Modular Wetland

Bioretention Basin

O |IN(OD|L[WINIR|IOIO|T| >

Bioretention Basin

[
o

Modular Wetland

[EEN
[EEY

Bioretention Basin

[
N

Bioretention Basin

[
w

Bioretention Basin

[EEN
S

Bioretention Basin

[
(2}

Bioretention Basin

Note: More than one drainage management area can drain to a single LID BMP, however, one
drainage management area may not drain to more than one BMP.
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Section D: Implement LID BMPs

D.1 Infiltration Applicability

Is there an approved downstream ‘Highest and Best Use’ for stormwater runoff (see discussion in Chapter
2.4.4 of the WQMP Guidance Document for further details)? XY [N

If ves has been checked, Infiltration BMPs shall not be used for the site; proceed to section D.3

If no, continue working through this section to implement your LID BMPs. It is recommended that you
contact your Co-Permittee to verify whether, or not, your project discharges to an approved downstream
‘Highest and Best Use’ feature.

Geotechnical Report

A Geotechnical Report or Phase | Environmental Site Assessment may be required by the Co-permittee to
confirm present and past site characteristics that may affect the use of Infiltration BMPs. In addition, the
Co-Permittee, at their discretion, may not require a geotechnical report for small projects as described in
Chapter 2 of the WQMP Guidance Document. If a geotechnical report has been prepared, include it in
Appendix 3. In addition, if a Phase | Environmental Site Assessment has been prepared, include it in
Appendix 4.

Is this project classified as a small project consistent with the requirements of Chapter 2 of the WQMP
Guidance Document? [_] Y XN

Infiltration Feasibility

Table D.1 below is meant to provide a simple means of assessing which DMAs on your site support
Infiltration BMPs and is discussed in the WQMP Guidance Document in Chapter 2.4.5. Check the
appropriate box for each question and then list affected DMAs as applicable. If additional space is needed,
add a row below the corresponding answer.

Table D.1 Infiltration Feasibility

Does the project site... YES | NO
...have any DMAs with a seasonal high groundwater mark shallower than 10 feet? X
If Yes, list affected DMAs:
...have any DMAs located within 100 feet of a water supply well? X
If Yes, list affected DMAs:
...have any areas identified by the geotechnical report as posing a public safety risk where infiltration of stormwater X

could have a negative impact?

If Yes, list affected DMAs:

...have measured in-situ infiltration rates of less than 1.6 inches / hour? X

If Yes, list affected DMAs:

...have significant cut and/or fill conditions that would preclude in-situ testing of infiltration rates at the final X
infiltration surface?

If Yes, list affected DMAs:

...geotechnical report identify other site-specific factors that would preclude effective and safe infiltration? X

Describe here:

If you answered “Yes” to any of the questions above for any DMA, Infiltration BMPs should not be used
for those DMAs and you should proceed to the assessment for Harvest and Use below.

-12 -



D.2 Harvest and Use Assessment

Please check what applies:
[] Reclaimed water will be used for the non-potable water demands for the project.

X Downstream water rights may be impacted by Harvest and Use as approved by the Regional
Board (verify with the Copermittee). Tributary to Lake Elsinore

[IThe Design Capture Volume will be addressed using Infiltration Only BMPs. In such a case,
Harvest and Use BMPs are still encouraged, but it would not be required if the Design Capture
Volume will be infiltrated or evapotranspired.

If any of the above boxes have been checked, Harvest and Use BMPs need not be assessed for the site. If
none of the above criteria applies, follow the steps below to assess the feasibility of irrigation use, toilet
use and other non-potable uses (e.g., industrial use).

Irrigation Use Feasibility

Complete the following steps to determine the feasibility of harvesting stormwater runoff for Irrigation
Use BMPs on your site: Total Area of Irrigated Landscape: Highest & Best Use policy area for Lake
Elsinore, therefore Irrigation Use BMPs not evaluated.

Toilet Use Feasibility

Complete the following steps to determine the feasibility of harvesting stormwater runoff for toilet
flushing uses on your site: Total Area of Irrigated Landscape: Highest & Best Use policy area for Lake
Elsinore, therefore Toilet use BMPs not evaluated.

Other Non-Potable Use Feasibility

Are there other non-potable uses for stormwater runoff on the site (e.g. industrial use)? See Chapter 2 of
the Guidance for further information. If yes, describe below. If no, write N/A.

Total Area of Irrigated Landscape: Highest & Best Use policy area for Lake Elsinore, therefore
Other Non-Potable Use BMPs not evaluated.

D.3 Bioretention and Biotreatment Assessment

Other LID Bioretention and Biotreatment BMPs as described in Chapter 2.4.7 of the WQMP Guidance
Document are feasible on nearly all development sites with sufficient advance planning.

Select one of the following:

LID Bioretention/Biotreatment BMPs will be used for some or all DMAs of the project as noted
below in Section D.4 (note the requirements of Section 3.4.2 in the WQMP Guidance Document).

L] A site-specific analysis demonstrating the technical infeasibility of all LID BMPs has been
performed and is included in Appendix 5. If you plan to submit an analysis demonstrating the
technical infeasibility of LID BMPs, request a pre-submittal meeting with the Copermittee to
discuss this option. Proceed to Section E to document your alternative compliance measures.

-13 -



D.4 Feasibility Assessment Summaries

From the Infiltration, Harvest and Use, Bioretention and Biotreatment Sections above, complete Table D.2
below to summarize which LID BMPs are technically feasible, and which are not, based upon the
established hierarchy.

Table D.2 LID Prioritization Summary Matrix

LID BMP Hierarchy No LID
DMA (Alternative
Name/ID 1. Infiltration 2. Harvest and use 3. Bioretention 4. Biotreatment Compliance)

For those DMAs where LID BMPs are not feasible, provide a brief narrative below summarizing why they
are not feasible, include your technical infeasibility criteria in Appendix 5, and proceed to Section E below
to document Alternative Compliance measures for those DMAs. Recall that each proposed DMA must
pass through the LID BMP hierarchy before alternative compliance measures may be considered.

Highest & Best Use policy area for Lake Elsinore, therefore feasibility assessment not warranted.

D.5 LID BMP Sizing

Each LID BMP must be designed to ensure that the Design Capture Volume will be addressed by the
selected BMPs. First, calculate the Design Capture Volume for each LID BMP using the Vempe worksheet in
Appendix F of the LID BMP Design Handbook. Second, design the LID BMP to meet the required Vgwp using
a method approved by the Copermittee. Utilize the worksheets found in the LID BMP Design Handbook
or consult with your Copermittee to assist you in correctly sizing your LID BMPs. Complete Table D.3 below
to document the Design Capture Volume and the Proposed Volume for each LID BMP. Provide the
completed design procedure sheets for each LID BMP in Appendix 6. You may add additional rows to the

table below as needed.
Table D.3 Treatment Control BMP Sizing

DMA Post- DMA
Area Project Effective DMA Area X
DMA (square | Surface | Impervious | Runoff | Runoff BMP-A (Modular Wetland)
Type/ID | feet) Type Fraction, Is | Factor Factor
[A] [B] [C] [A]x [C]
5,833 Street 0.892,
0.110 0.741 4,321
Minimum Proposed
Design Volume
Capture Total Storm | or Flow
Design | Volume or | Water on Plans
Storm | Design  Flow | Credit % | (cubic
Depth | Rate (cubic | Reduction | feet
(in) feet or cfs) cfs)
?{A] " | 5,833 4,321 I[E}h(r)z 0.020 cfs 100% 0.052
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DMA Post- DMA
Area Project Effective DMA Area X
DMA (square | Surface | Impervious | Runoff | Runoff BMP-B (Modular Wetland)
Type/ID | feet) Type Fraction, I¢ | Factor Factor
[A] [B] [C] [A]x [C]
B 24,101 | Street 0.892, Design | Minimum Total Proposed
0.110 0.688 16,587 Storm | Design Capture | Storm Volume  or
Depth | Volume or | Water Flow on Plans
(in) Design Flow | Credit % | (cubic feet or
Rate (cf or cfs) Reduction | cfs)
Ar = 3= [E] 0.2 .
S[A] 24,101 [D16,587 | in/hr. 0.076 cfs 100% 0.115
DMA Post- DMA
Area Project Effective DMA Area X
DMA (square | Surface | Impervious | Runoff | Runoff BMP-C (Modular Wetland)
Type/ID | feet) Type Fraction, s | Factor Factor
[A] [B] [C] [A]x [C]
C 47,487 | Street 0.892, Design | Minimum Total Proposed
0.110 0.791 37,559 Storm | Design Capture | Storm Volume or
Depth | Volume or | Water Flow on Plans
(in) Design Flow | Credit % | (cubic feet or
Rate (cf or cfs) | Reduction | cfs)
Ar - 3= [D] [E] 0.2 o
S[A] 47,847 37559 in/hr. 0.172cfs 100% .206
DMA Post- DMA
Area Project Effective DMA Area X
DMA (square | Surface | Impervious | Runoff | Runoff BMP-D (Modular Wetland)
Type/ID | feet) Type Fraction, Is | Factor Factor
[A] [B] [C] [A]x [C]
D 6,837 Street 0.892, Design | Minimum Total Proposed
0.110 0.712 4,865 Storm | Design Capture | Storm Volume  or
Depth | Volume or | Water Flow on Plans
(in) Design Flow | Credit % | (cubic feet or
Rate (cf or cfs) Reduction | cfs)
A - 5=[0] | [E] 0.2 .
S[A] 6,837 4,865 in/hr. 0.022 cfs 100% .052
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DMA Post- DMA
Area Project Effective DMA Area X
DMA (square | Surface | Impervious | Runoff | Runoff BMP-5 (Modular Wetland)
Type/ID | feet) Type Fraction, Is | Factor Factor
[A] [B] [C] [A]x [C]
5 20,750 | Street 0.892, Design | Minimum Total Proposed
0.110 0.796 16,472 Storm | Design Capture | Storm Volume  or
Depth | Volume or | Water Flow on Plans
(in) Design Flow | Credit % | (cubic feet or
Rate (cf or cfs) | Reduction | cfs)
Ar = 3=[D] [E] 0.2 .
S[A] 6,837 16,472 in/hr. 0.025 cfs 100% .052
DMA Post- DMA
Area Project Effective DMA Area X
DMA (square | Surface | Impervious | Runoff | Runoff BMP-7 (Modular Wetland)
Type/ID | feet) Type Fraction, I¢ | Factor Factor
[A] [B] [C] [A]x [C]
7 27,871 | Street 0.892, Design | Minimum Total Proposed
0.110 0.845 23,561 Storm | Design Capture | Storm Volume  or
Depth | Volume or | Water Flow on Plans
(in) Design Flow | Credit % | (cubic feet or
Rate (cf or cfs) | Reduction | cfs)
A - 2=[D] [E] 0.2 o
S[A] 6,837 23,561 in/hr. 0.025 cfs 100% .052
DMA Post- DMA
Area Project Effective DMA Area X
DMA (square | Surface | Impervious | Runoff | Runoff BMP-10 (Modular Wetland)
Type/ID | feet) Type Fraction, Is | Factor Factor
[A] [B] [C] [A]x[C]
10 47,985 | Street 0.892, Design | Minimum Total Proposed
0.110 0.864 41,448 Storm | Design Capture | Storm Volume or
Depth | Volume or | Water Flow on Plans
(in) Design Flow | Credit % | (cubic feet or
Rate (cf or cfs) | Reduction | cfs)
Ar = 3= [D] [E] 0.2 .
S[A] 6,837 41,446 in/hr. 0.025 cfs 100% .052
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Table D.4 DCV Calculations for LID BMPs

BMP | DMA Post-Project Effective DMA  Runoff | DMA | Design | Minimu | Total Proposed
ID | Area Surface Type Impervious Factors Areax | Storm | m Storm Volume or
square Fraction, I Runoff | Depth | Design | Water Flow on
(sq p 9 :
feet) Factor | (in) Capture | Credit % | Plans (cubic
Volume | Reduction | feet or cfs)
(cf)
1 42,863 Parking Lot 79% 0.93 100% 2,805
arking o ° 0.892,0.110 | 31,176 2,416 °
0, 0,
2 10,854 Car Wash Area 57% 0.892, 0.110 6,005 0.93 465 100% 515
Car Wash Exit o o
3 35,948 86% 0.892, 0.110 28,108 0.93 2178 100% 2,640
6 9,547 Truck Access 66% 0.892, 0.110 5,954 0.93 315 100% 520
0, 0,
8 13,340 Restaurant 81% 0.892, 0.110 9,922 0.93 769 100% 899
. o o
9 7,842 Parking 76% 0.892, 0.110 5,548 0.93 430 100% 503
0, 0,
11 14,406 Truck Access 68% 0.892, 0.110 9,213 0.93 714 100% 850
0, 0,
12 15,916 Truck Access 69% 0.892, 0.110 10,332 0.93 801 100% 932
0, 0,
13 8,224 Macy Entry 55% 0.892, 0.110 4,470 0.93 346 100% 383
H H 0, 0,
14 5,468 Residential 75% 0.892, 0.110 3,806 0.93 295 100% 380
. o o
15 | 176,108 Parking Lot 70% 0.892, 0.110 116,30 0.93 9,014 100% 10,255

[B], [C] is obtained as described in Section 2.3.1 of the WQMP Guidance Document

[E] is obtained from Exhibit A in the WQMP Guidance Document
[G] is obtained from a design procedure sheet, such as in LID BMP Design Handbook and placed in Appendix 6.
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Section E: Alternative Compliance (LID Waiver Program)

LID BMPs are expected to be feasible on virtually all projects. Where LID BMPs have been demonstrated
to be infeasible as documented in Section D, other Treatment Control BMPs must be used (subject to LID
waiver approval by the Copermittee). Check one of the following Boxes:

LID Principles and LID BMPs have been incorporated into the site design to fully address all
Drainage Management Areas. No alternative compliance measures are required for this project
and thus this Section is not required to be completed.

- Or -

] The following Drainage Management Areas are unable to be addressed using LID BMPs. A site-
specific analysis demonstrating technical infeasibility of LID BMPs has been approved by the Co-
Permittee and included in Appendix 5. Additionally, no downstream regional and/or sub-regional
LID BMPs exist or are available for use by the project. The following alternative compliance
measures on the following pages are being implemented to ensure that any pollutant loads
expected to be discharged by not incorporating LID BMPs, are fully mitigated.

None.
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E.1 Identify Pollutants of Concern

Utilizing Table A.1 from Section A above which noted your project’s receiving waters and their associated
EPA approved 303(d) listed impairments, cross reference this information with that of your selected
Priority Development Project Category in Table E.1 below. If the identified General Pollutant Categories
are the same as those listed for your receiving waters, then these will be your Pollutants of Concern and
the appropriate box or boxes will be checked on the last row. The purpose of this is to document
compliance and to help you appropriately plan for mitigating your Pollutants of Concern in lieu of
implementing LID BMPs.

Table E.1 Potential Pollutants by Land Use Type

Priority Development | General Pollutant Categories
Project Categories andl/or . e .
Project Features (check those ﬁ:j‘i;::eartg:s Metals |Nutrients |Pesticides |Organic Sediments .I;:aa:rri‘s & glrlease =
that apply) Compounds
Detached Residential
Development P N P P N P P P
e L N R O O
X gggﬂgﬁ:ﬂndusmal P p p() p(1) pG) (1) P p
O gﬁtooprzotlve Repair N = N N p,5) N = p
Restaurants
DX( (55,000 f22) P N N N N N P P
Hillside Development
O (>5.000 f82) P N P P N P P P
< I(:;asrlggg 'f-tg)ts pe) = p) p(1) p@) p() = P
[XI Retail Gasoline Outlets | N P N N P N P P
Project Priority Pollutant(s)
of Concern X X X 2 X B 2 B

P = Potential

N = Not Potential

() A potential Pollutant if non-native landscaping exists or is proposed onsite; otherwise not expected
2 A potential Pollutant if the project includes uncovered parking areas; otherwise not expected

3 A potential Pollutant is land use involving animal waste

4 Specifically, petroleum hydrocarbons

) Specifically, solvents

(%) Bacterial indicators are routinely detected in pavement runoff
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E.2 Stormwater Credits

Projects that cannot implement LID BMPs but nevertheless implement smart growth principles are
potentially eligible for Stormwater Credits. Utilize Table 3-8 within the WQMP Guidance Document to
identify your Project Category and its associated Water Quality Credit. If not applicable, write N/A.

Table E.2 Water Quality Credits
Qualifying Project Categories

Credit Percentage?

Total Credit Percentage?

Cannot Exceed 50%
2Obtain corresponding data from Table 3-8 in the WQMP Guidance Document

E.3 Sizing Criteria

After you appropriately considered Stormwater Credits for your project, utilize Table E.3 below to
appropriately size them to the DCV, or Design Flow Rate, as applicable. Please reference Chapter 3.5.2 of
the WQMP Guidance Document for further information.

Table E.3 Treatment Control BMP Sizing

DMA Post- DMA
Area Project Effective DMA Area X
DMA (square | Surface | Impervious | Runoff | Runoff BMP-A (Modular Wetland)
Type/ID | feet) Type Fraction, Is | Factor Factor
[A] [B] [C] [A]x [C]
Minimum Proposed
Design Volume
Capture Total Storm | or Flow
Design | Volume or | Water on Plans
Storm | Design  Flow | Credit % | (cubic
Depth | Rate (cubic | Reduction | feet or
(in) feet or cfs) cfs)
AT =
S[A] [E] 0.0

[B], [C] is obtained as described in Section 2.3.1 from the WQMP Guidance Document

[E] is for Flow-Based Treatment Control BMPs [E] = .2, for Volume-Based Control Treatment BMPs, [E] obtained from Exhibit A in the WQMP

Guidance Document

[G] is for Flow-Based Treatment Control BMPs [G] = 43,560, for Volume-Based Control Treatment BMPs, [G] = 12
[H] is from the Total Credit Percentage as Calculated from Table E.2 above
[1] as obtained from a design procedure sheet from the BMP manufacturer and should be included in Appendix 6.
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E.4 Treatment Control BMP Selection

Treatment Control BMPs typically provide proprietary treatment mechanisms to treat potential pollutants
in runoff, but do not sustain significant biological processes. Treatment Control BMPs must have a removal
efficiency of a medium or high effectiveness as quantified below:

* High: equal to or greater than 80% removal efficiency
¢ Medium: between 40% and 80% removal efficiency

Such removal efficiency documentation (e.g., studies, reports, etc.) as further discussed in Chapter 3.5.2
of the WQMP Guidance Document, must be included in Appendix 6. In addition, ensure that proposed
Treatment Control BMPs are properly identified on the WQMP Site Plan in Appendix 1.

Table E.4 Treatment Control BMP Selection
Selected Treatment Control BMP | Priority Pollutant(s) of | Removal Efficiency
Name or ID? Concern to Mitigate? Percentage®

1 Treatment Control BMPs must not be constructed within Receiving Waters. In addition, a proposed Treatment Control BMP may be
listed more than once if they possess more than one qualifying pollutant removal efficiency.

2 Cross Reference Table E.1 above to populate this column.

3 As documented in a Co-Permittee Approved Study and provided in Appendix 6.
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Section F: Hydromodification

F.1 Hydrologic Conditions of Concern (HCOC) Analysis

Once you have determined that the LID design is adequate to address water quality requirements, you
will need to assess if the proposed LID Design may still create a HCOC. Review Chapters 2 and 3 (including
Figure 3-7) of the WQMP Guidance Document to determine if your project must mitigate for
Hydromodification impacts. If your project meets one of the following criteria which will be indicated by
the check boxes below, you do not need to address Hydromodification at this time. However, if the
project does not qualify for Exemptions 1, 2 or 3, then additional measures must be added to the design
to comply with HCOC criteria. This is discussed in further detail below in Section F.2.

HCOC EXEMPTION 1: The Priority Development Project disturbs less than one acre. The Copermittee
has the discretion to require a Project-Specific WQMP to address HCOCs on projects less than one
acre on a case-by-case basis. The disturbed area calculation should include all disturbances associated
with larger common plans of development.

Does the project qualify for this HCOC Exemption? [Jy XN
If Yes, HCOC criteria do not apply.

HCOC EXEMPTION 2: The volume and time of concentration® of storm water runoff for the post-
development condition is not significantly different from the pre-development condition for a 2-year
return frequency storm (a difference of 5% or less is considered insignificant) using one of the
following methods to calculate:

* Riverside County Hydrology Manual

e Technical Release 55 (TR-55): Urban Hydrology for Small Watersheds (NRCS 1986), or
derivatives thereof, such as the Santa Barbara Urban Hydrograph Method

e Other methods acceptable to the Co-Permittee

Does the project qualify for this HCOC Exemption? []y XN

If Yes, report results in Table F.1 below and provide your substantiated hydrologic analysis in
Appendix 7.

Table F.1 Hydrologic Conditions of Concern Summary

2 year — 24 hour

Pre-condition Post-condition % Difference
Time of INSERT VALUE INSERT VALUE INSERT VALUE
Concentration
Volume (Cubic Feet) INSERT VALUE INSERT VALUE INSERT VALUE

1 Time of concentration is defined as the time after the beginning of the rainfall when all portions of the drainage basin
are contributing to flow at the outlet.

-22-



HCOC EXEMPTION 3: All downstream conveyance channels to an adequate sump (for example,
Prado Dam, Lake Elsinore, Canyon Lake, Santa Ana River, or other lake, reservoir or naturally
erosion resistant feature) that will receive runoff from the project are engineered and regularly
maintained to ensure design flow capacity; no sensitive stream habitat areas will be adversely
affected; or are not identified on the Co-Permittees Hydromodification Susceptibility Maps.

Does the project qualify for this HCOC Exemption? Xy [N

If Yes, HCOC criteria do not apply and note below which adequate sump applies to this HCOC
qualifier:

F.2 HCOC Mitigation

If none of the above HCOC Exemption Criteria are applicable, HCOC criteria is considered mitigated if they
meet one of the following conditions:

a. Additional LID BMPS are implemented onsite or offsite to mitigate potential erosion or habitat
impacts as a result of HCOCs. This can be conducted by an evaluation of site-specific conditions
utilizing accepted professional methodologies published by entities such as the California
Stormwater Quality Association (CASQA), the Southern California Coastal Water Research Project
(SCCRWP), or other Co-Permittee approved methodologies for site-specific HCOC analysis.

b. The project is developed consistent with an approved Watershed Action Plan that addresses
HCOC in Receiving Waters.

c. Mimicking the pre-development hydrograph with the post-development hydrograph, for a 2-year
return frequency storm. Generally, the hydrologic conditions of concern are not significant, if the
post-development hydrograph is no more than 10% greater than pre-development hydrograph.
In cases where excess volume cannot be infiltrated or captured and reused, discharge from the
site must be limited to a flow rate no greater than 110% of the pre-development 2-year peak flow.

Be sure to include all pertinent documentation used in your analysis of the items a, b or c in Appendix 7.
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Section G: Source Control BMPs

Source control BMPs include permanent, structural features that may be required in your project plans —
such as roofs over and berms around trash and recycling areas — and Operational BMPs, such as regular
sweeping and “housekeeping”, that must be implemented by the site’s occupant or user. The MEP
standard typically requires both types of BMPs. In general, Operational BMPs cannot be substituted for a
feasible and effective permanent BMP. Using the Pollutant Sources/Source Control Checklist in Appendix
8, review the following procedure to specify Source Control BMPs for your site:

Identify Pollutant Sources: Review Column 1 in the Pollutant Sources/Source Control Checklist. Check

Note Locations on Project-Specific WQMP Exhibit: Note the corresponding requirements listed in
Column 2 of the Pollutant Sources/Source Control Checklist. Show the location of each Pollutant
source and each permanent Source Control BMP in your Project-Specific WQMP Exhibit located in

Prepare a Table and Narrative: Check off the corresponding requirements listed in Column 3 in the
Pollutant Sources/Source Control Checklist. In the left column of Table G.1 below, list each potential
source of runoff Pollutants on your site (from those that you checked in the Pollutant Sources/Source
Control Checklist). In the middle column, list the corresponding permanent, Structural Source Control
BMPs (from Columns 2 and 3 of the Pollutant Sources/Source Control Checklist) used to prevent
Pollutants from entering runoff. Add additional narrative in this column that explains any special
features, materials or methods of construction that will be used to implement these permanent,

1.
off the potential sources of Pollutants that apply to your site.
2.
Appendix 1.
3.
Structural Source Control BMPs.
4.

Identify Operational Source Control BMPs: To complete your table, refer once again to the Pollutant
Sources/Source Control Checklist. List in the right column of your table the Operational BMPs that
should be implemented as long as the anticipated activities continue at the site. Copermittee
stormwater ordinances require that applicable Source Control BMPs be implemented; the same BMPs
may also be required as a condition of a use permit or other revocable Discretionary Approval for use
of the site.

Table G.1 Permanent and Operational Source Control Measures

Potential Sources of Runoff
pollutants

Permanent Structural Source
Control BMPs

Operational Source Control BMPs

Fueling Gas Station

Covered Gas Pumps

Sweep / Spill Cleanup

Parking Lot

Maintenance & Repair

Sweeping

Trash Enclosure

Covered Enclosure / Drainage

Regular Cleaning / Trash Removal

On-site Storm Drain Inlet

Inlet Marking

Maintain / Replace Marking

Parking Lot

Partial Covered Spaces

Landscaping

Pesticide / Herbicide / Leaf Litter

Professional Maintenance

Irrigation

Minimize Runoff / Overspray

Professional Maintenance

Food Service

Floor Drain / Gease Interceptor

Food Service BMP Guide

Vehicle and Equipment Cleaning

Vehicle Wash Station

Reclaim Wash water
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Section H: Construction Plan Checklist

Populate Table H.1 below to assist the plan checker in an expeditious review of your project. The first two
columns will contain information that was prepared in previous steps, while the last column will be
populated with the corresponding plan sheets. This table is to be completed with the submittal of your
final Project-Specific WQMP.

Table H.1 Construction Plan Cross-reference

BMP No. or BMP Identifier and Corresponding Plan Sheet(s) BMP Location (Lat/Long)
ID Description

Note that the updated table — or Construction Plan WQMP Checklist — is only a reference tool to facilitate
an easy comparison of the construction plans to your Project-Specific WQMP. Co-Permittee staff can
advise you regarding the process required to propose changes to the approved Project-Specific WQMP.

-25-




Section I: Operation, Maintenance and Funding

The Co-permittee will periodically verify that Stormwater BMPs on your site are maintained and continue
to operate as designed. To make this possible, your Co-permittee will require that you include in Appendix
9 of this Project-Specific WQMP:

1. A means to finance and implement facility maintenance in perpetuity, including replacement
cost.

2. Acceptance of responsibility for maintenance from the time the BMPs are constructed until
responsibility for operation and maintenance is legally transferred. A warranty covering a period
following construction may also be required.

3. An outline of general maintenance requirements for the Stormwater BMPs you have selected.

4, Figures delineating and designating pervious and impervious areas, location, and type of
Stormwater BMP, and tables of pervious and impervious areas served by each facility. Geo-
locating the BMPs using a coordinate system of latitude and longitude is recommended to help
facilitate a future statewide database system.

5. A separate list and location of self-retaining areas or areas addressed by LID Principles that do
not require specialized O&M or inspections but will require typical landscape maintenance as
noted in Chapter 5, pages 85-86, in the WQMP Guidance. Include a brief description of typical
landscape maintenance for these areas.

Your local Co-Permittee will also require that you prepare and submit a detailed Stormwater BMP
Operation and Maintenance Plan that sets forth a maintenance schedule for each of the Stormwater BMPs
built on your site. An agreement assigning responsibility for maintenance and providing for inspections
and certification may also be required.

Details of these requirements and instructions for preparing a Stormwater BMP Operation and
Maintenance Plan are in Chapter 5 of the WQMP Guidance Document.

Maintenance Mechanism: Insert text here.

Will the proposed BMPs be maintained by a Homeowners’ Association (HOA) or Property Owners
Association (POA)?

Xy [N

Include your Operation and Maintenance Plan and Maintenance Mechanism in Appendix 9. Additionally,
include all pertinent forms of educational materials for those personnel that will be maintaining the
proposed BMPs within this Project-Specific WQMP in Appendix 10.
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Appendix 1: Maps and Site Plans

Location Map, WQMP Site Plan and Receiving Waters Map
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VICINITY MAP
THOMAS GUIDE REF.:

PAGE 865, GRID J6, J7?, H6, H7
NOT TO SCALE
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BAMIYAN MARKETPLACE

STREET FRONTAGE
BMP DMA TOTAL | DMA IMPERV | EFFECTIVE IMPERV | RUNOFF DMA x DESIGN bev, SURFACE SOIL | PROPOSED DESIGN REQUIRED | PROPOSED BIOCLEAN
D DMA DESCRIPTION AREA (SF) | AREA (SF) FRACTIONS FACTOR RUNOFF | STORM | Vgup AREA (SF) DEPTH | VOLUME | FLOWRATE | CAPACITY | CAPACITY MWS UNIT
FACTOR | (IN) (CF) (IN) (CF) (INHR) (CFS) (CFS)
ORTEGA WIDENING FROM PROJECT
A |DRIVEWAY TO PCR AT GRAND 5,833 4,704 0.892, 0.110 0.741 4,321 0.93 335 - - N/A 0.2 0.020 0.052 MWS-L-4-4
GRAND WIDENING IN FRONT OF
RESTAURANTS INCLUDING ORTEGA CURB
B |RETURN 24,101 17,817 0.892, 0.110 0.688 16,587 0.93 1,285 - - N/A 0.2 0.076 0.115 MWS-L-4-8
GRAND WIDENING IN FRONT OF RESIDENTIAL
C |INCLUDING MAIN PROJECT ENTRANCE 47,487 41,346 0.892, 0.110 0.791 37,559 0.93 2,911 - - N/A 0.2 0.172 0.206 MWS-L-4-17
D |MACY STREET WIDENING 6,837 5,259 0.892, 0.110 0.712 4,865 0.93 377 - - N/A 0.2 0.022 0.052 MWS-L-4-4
ONSITE DEVELOPMENT
DMA x | DESIGN | DCV, PROPOSED SOIL | PROPOSED DESIGN REQUIRED | PROPOSED
BIAE/’)P DMA DESCRIPTION DAAzAEZ‘-O(ST;g)L DXSEI)IL\‘AI(DSE g v EFFEF%ZZE.’I(I;A,\T ERV ’[S/lqjg‘[c')(,):g RUNOFF | STORM Venp SURFACE DEPTH VOLUME FLOWRATE | CAPACITY CAPACITY ;;/I?V(S;LUE ,C I"\II'
FACTOR (IN) (CF) AREA (SF) (IN) (CF) (IN/HR) (CFS) (CFS)
1 |AM/PM TO C.I. AT CORNER PAST PUMPS 42,863 33,833 0.892, 0.110 0.727 31,176 | 0.93 2,416 1,700 30 2,805
2 |REST-1 ACROSS FROM CAR WASH 10,854 6,150 0.892, 0.110 0.553 6,005| 0.93 465 312 30 515
3 |CAR WASH AND PARKING AND PUMP AREA 35,948 30,884 0.892, 0.110 0.782 28,108 | 0.93 2,178 1,600 30 2,640
SELF
4 |CAR WASH RECYCLED WATER AT EXIT 854 854 0.892 0.892 762 0.93 59 - - RETAINING
ORTEGA ENTRANCE DRIVE AND BEHIND CAR
5 |WASH 20,705 18,150 0.892, 0.110 0.796 16,472 | 0.93 1,277 - - N/A 0.2 0.076 0.115 MWS-L-4-8
6 |CAR WASH LOW END 9,547 6,269 0.892, 0.110 0.624 5954 | 093 461 315 30 520
7 |TRUCK ROAD BEHIND MIXED USE BUILDING 27,871 26,208 0.892, 0.110 0.845 23,561 0.93 1,826 - - N/A 0.2 0.108 0.144 MWS-L-4-13
8 | COVERED PARKING 13,340 10,810 0.892, 0.110 0.744 9,922 | 093 769 545 30 899
9 |RESTAURANT-2 ACROSS FROM MIXED USE 7,842 5,990 0.892,0.110 0.707 5,548 0.93 430 305 30 503
MAIN DRIVE AISLE BETWEEN RESTAURANTS
10 |AND MIXED USE 47,985 46,252 0.892, 0.110 0.864 41,448 | 0.93 3,212 - - N/A 0.2 0.190 0.237 MWS-L-4-19
11 |IN FRONT OF RES ENTRANCE 14,406 9,752 0.892, 0.110 0.640 9,213| 093 714 515 30 850
12 |TRUCK ROAD AND RES. ENTRANCE 15,916 10,970 0.892, 0.110 0.649 10,332 | 0.93 801 565 30 932
13 |SECOND ON TRUCK FROM MACY 8,224 4,557 0.892, 0.110 0.544 4,470 | 0.93 346 232 30 383
14 |MACY STREET ENTRANCE DRIVE 5,468 4,097 0.892, 0.110 0.696 3806 | 0.93 295 230 30 380
15 |RESIDENTIAL AREA 176,108 123,924 0.892, 0.110 0.660 116,304 | 0.93 9,014 6,215 30 10,255
D:\76020 Bamiyan Marketplace\13 Reports\WQMP\VBMP.xlIsx Cell T3..W27
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Appendix 2: Construction Plans

Grading and Drainage Plans

See WQMP / DMA Exhibit for Discretionary Phase
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Appendix 3: Soils Information

Geotechnical Study and Other Infiltration Testing Data
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Mr. Ahmad Zaki
45 Cinch Road
Bell Canyon, California 91307

Attention: Mr. Ahmad Zaki
Subject: Geotechnical Engineering and PercolationTesting Report

Project: Proposed Bamiyan Marketplace
15749 Grand Avenue
Lake Elsinore, Riverside County, California

Earth Systems Pacific (Earth Systems) is pleased to submit this geotechnical engineering and
percolation report for the referenced project located on the northwest corner of Grand Avenue
and Ortega Highway in the city of Lake Elsinore, Riverside County, California. This report presents
our findings and recommendations for site grading and foundation design, incorporating the
information provided to our office. The site is suitable for the proposed development, provided
the recommendations in this report are followed in design and construction. This report should
stand as a whole, and no part of the report should be excerpted or used to the exclusion of any
other part.

This report completes our scope of services in accordance with our proposal (PER-18-3-007AR)
with an authorization date of May 28, 2018. Other geotechnical related services that may be
required, such as plan reviews, responses to agency inquiries, and grading observation and
testing are additional services and will be billed according to the Fee Schedule in effect at the
time services are provided. Unless requested in writing, the Client is responsible to distribute the
report to the appropriate governing agency and other members of the design team. Please
review the Limitations (Section 6) of this report as they are vital to the understanding of this
report.
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Geotechnical Engineering and Percolation Testing Report
Proposed Bamiyan Marketplace
15749 Grand Avenue
Lake Elsinore, Riverside County, California

Section 1
INTRODUCTION

1.1 Project Description

This geotechnical engineering and percolation testing report has been prepared for the proposed
Bamiyan Marketplace development located at the northwest corner of Grand Avenue and Ortega
Highway (Highway 74) in the city of Lake Elsinore, Riverside County, California, see Plate 1 (Site
Vicinity Map). We understand the property is proposed to be developed as mixed-use with
residential, retail, and commercial purposes. Based upon the Preliminary Site Plan provided,
seven commercial structures (including a gas station) and associated improvements will
encompass the southern two-thirds of the site. Approximately 20 residential units are proposed
for the northern one-third of the site. Appurtenant site work is anticipated to include
underground utilities, Water Quality Management Plan (WQMP) improvements, hardscape,
parking drive improvements, a 6 foot high retaining wall along the western property line
boundary slope, and landscaping. We have assumed site grades will be similar in elevation to the
surrounding street grades (+-5 feet). The proposed site layout along with our exploration
locations is presented in Plate 2.

We have assumed masonry, wood-framed or metal construction founded on shallow permanent
foundations, and there will be no below grade basement levels. Column loads are anticipated
not to exceed approximately 90 kips for spread footings and 5 kip/LF for continuous footing loads.
As the basis for the foundation recommendations, all loading is assumed to be dead plus actual
live load.

No preliminary design loading was provided by the structural engineer. If actual structural
loading exceeds these assumed values, we will need to re-evaluate the given recommendations.

1.2 Site Description

The project is located on the northwest corner of Grand Avenue and Ortega Highway in the city
of Lake Elsinore. The site has an approximate latitude and longitude of 33.6591°N/117.3782°W.
The project contains two legal lots (APN 381-320-020 and 381-320-023) and they are currently
vacant. The area of the parcels is approximately 7.91 acres and 4.64 acres for APN 381-320-020
and 381-320-023, respectively. The site is bounded by Grand Avenue to the northeast, Ortega
Highway to the southeast, Macy Street to the northwest, and residential developments atop an
approximately 15-foot slope to the southwest. The 15-foot ascending slope is within the property
boundary. It is also our understanding that there is a utility easement through the property for
an existing underground storm drain (see Plate 2). We estimate depths on the order of 10 feet
deep for the storm channel/drain system. From google imagery, the elevation at the project site
varies from approximately 1,300 to 1,320 feet above Mean-Sea-Level (MSL). Drainage appears
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to be by sheet flow to the northeast. The site is approximately 1400 feet from the current
shoreline of Lake Elsinore which is at approximate elevation 1,245 feet.

1.3 Site Reconnaissance

Earth Systems personnel visited the site on various days from June to December 2018. Earth
Systems personnel also reviewed select historic aerial photographs of the project site. Historical
aerial photographs (Google Images, “Historic Aerials” between 1938 and 2018, and stereo
photographs on file with the County of Riverside Flood Control District) revealed items of
interest. Based on our review of these historical photographs, it is our opinion that agricultural
activities began at the site prior to 1962. The site underwent significant grading between 1984
and 1990 resulting in variable fill and cut thickness across the site. The site has remained
relatively unchanged from 1990 to 2018 based on our review of aerial photos.

1.4 Purpose and Scope of Services

The purpose for our services was to evaluate the site soil and geologic conditions at our
exploration locations and to provide professional opinions and recommendations, from a
geologic and geotechnical point of view, regarding the proposed development of the site. We
understand that these proposed site improvements will be developed under the regulation of
the current California Building Code (2016).

The conclusions and recommendations included in this report are based upon the data collected
for this commission. The scope of services included:

Task 1 - Literature and Photograph Reviews

We began our services by reviewing select geologic and geotechnical literature pertaining to the
project. This included a review of various hazard, fault, and geologic maps prepared by the
California Geological Survey, the U.S. Geological Survey, the County of Riverside and other
governmental agencies as they relate to the project area. Select historical aerial photographs
were reviewed using the Google Earth Pro website and Historical Aerials website as well as
Riverside County Flood Control. The aerial photographs reviewed are listed in the References
section of this report.

Task 2 — Utility Clearance, USA Dig Alert

Each of our proposed field exploration locations was located and marked in the field and cleared
with known utility lines as identified by Underground Service Alert (USA), “Dig Alert”. Our
exploration locations were located in the field by consumer grade Global Positioning System
(GPS) accurate to + 15 feet in conjunction with pacing based upon the control provided or sighting
from landmarks identified on the project topographic map.

Task 3 — Field Exploration

We evaluated the general subsurface conditions at the site by drilling fourteen small diameter
borings, from approximately 11% feet to 50% feet in depth, excavating four test pits and two fault
trenches. The field exploration also included a visual site reconnaissance of the project area and
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immediate surroundings. Plate 2 shows the approximate location of each boring, test pit, fault
trench and the percolation test locations. The fault trench locations were surveyed by Inland
Empire Survey & Engineering, Inc.

Task 4 — Laboratory Testing

Laboratory tests were performed on selected samples to evaluate the physical characteristics of
the materials encountered during our field exploration. Laboratory testing included moisture
content, dry unit weight, maximum dry density/optimum moisture content, sieve analysis,
consolidation/collapse potential, Expansion Index, and R-value. The testing was performed in
general accordance with American Society for Testing and Materials (ASTM) or appropriate test
procedures. Selected samples were also tested for a preliminary screening level of corrosion
potential (pH, electrical resistivity, water-soluble sulfates and water-soluble chlorides). Earth
Systems does not practice corrosion engineering; however, these test results may be used by a
qualified engineer in designing an appropriate corrosion plan for the project.

Task 5 — Percolation Testing

Five borings were drilled within the proposed stormwater infiltration locations, as designated by
Inland Empire Survey & Engineering, Inc. for percolation testing. These holes were drilled on
December 10, 2018 with the same drill rig as the exploration borings. Plate 2 shows the
approximate location of each test.

Task 6 — Analysis and Report

Earth Systems analyzed the field data obtained, performed engineering analyses, and provided
recommended design parameters for earthwork and foundations for the structures as described
within. Our report includes:

o A description of the proposed project including a site plan showing the approximate
boring, test pit, and fault trench locations;

e A description of the surface and subsurface site conditions including groundwater
conditions, as encountered in our field exploration;

e Adescription of the site geologic setting and possible associated geology-related hazards,
including liquefaction, subsidence, and seismic settlement analysis;

e Adiscussion of regional geology and site seismicity;

e A description of local and regional active faults, their distances from the site, their
potential for future earthquakes;

e A discussion of other geologic hazards such as ground shaking, landslides, flooding, and
tsunamis;

e A discussion of site conditions, including the geotechnical suitability of the site for the
general type of construction proposed;

e Aseismicanalysis including recommendations for geotechnical seismic design coefficients
and soil profile type in accordance with the 2016 California Building Code;

e Recommendations for imported fill for use in compacted fills;
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e Recommendations for foundation design including parameters for shallow foundations
and subgrade preparation;

e Anticipated total and differential settlements for the recommended foundation system;
e Recommendations for lateral load resistance (earth pressures and drainage);

e Recommendations for site preparation, earthwork, and fill compaction specifications;

e Discussion of anticipated excavation conditions;

e Recommendations for underground utility trench backfill;

e Recommendations for stability of temporary trench excavations;

e Recommendations for location-specific infiltration rates;

e Recommendations for slabs-on-grade, including recommendations for reducing the
potential for moisture transmission through interior slabs;

e Recommendations for collapsible or expansive soils (if applicable);
e Recommendations for asphalt concrete and Portland cement concrete parking and drives;

e A discussion of the corrosion potential of the near-surface soils encountered during our
field exploration;

e An appendix, which includes a summary of the field exploration (computer generated
boring logs) and laboratory testing program (computer generated plots).

Not Contained in This Report: Although available through Earth Systems, the current
geotechnical scope of our services does not include:

> An environmental Phase 1 assessment.

» Aninvestigation for the presence or absence of wetlands, hazardous or toxic materials in
the soil, surface water, groundwater, or air on, below, or adjacent to the subject property.
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Section 2
METHODS OF EXPLORATION AND TESTING

2.1 Field Exploration

Exploratory Borings

The subsurface exploration program included advancing 14 exploratory borings. The borings
were drilled to depths ranging from approximately 11% to 50% feet below existing grades using
a Mobile B-61 truck-mounted drill rig equipped with 6-inch hollow-stem augers provided by Cal-
Pac Drilling of Calimesa, California. The borings were advanced to observe soil profiles and obtain
samples for laboratory testing. The approximate boring locations are shown on Plate 2, in
Appendix A. The locations shown are approximate, established by consumer grade Global
Positioning System (GPS) accurate to + 15 feet in conjunction with pacing based upon the control
provided.

Staff from Earth Systems maintained a log of the subsurface conditions encountered and
obtained samples for visual observation, classification and laboratory testing. Subsurface
conditions encountered in the borings were categorized and logged in general accordance with
the Unified Soil Classification System [USCS] and ASTM D 2487 and 2488 (current edition). Our
typical sampling interval within the borings was approximately every 2% or 5 feet to the full depth
explored; however, sampling intervals were adjusted depending on the materials encountered
onsite. Samples were obtained within the test borings using a Modified California [MC] ring
sampler (ASTM D 3550 with those similar to ASTM D 1586). The MC sampler has an approximate
3-inch outside diameter and 2.4-inch inside diameter. The ring sampler was mounted on a drill
rod and driven using a rig-mounted 140-pound automatic hammer falling for a height of 30
inches. The number of blows necessary to the MC type ring sampler within the borings was
recorded.

Design parameters provided by Earth Systems in this report have considered an estimated 70%
hammer efficiency based on data provided by the drilling subcontractor and limits per SP117A.
Since the MC sampler was used in our field exploration to collect ring samples, the N-values (blow
count) using the California sampler can be roughly correlated to SPT N-values using a conversion
factor that may vary from about 0.5 to 0.7. In general, a conversion factor of approximately 0.63
from a study at the Port of Los Angeles (Zueger and McNeilan, 1998 per SP 117A) is considered
satisfactory. A value of 0.63 was applied in our calculations for this project.

Bulk samples of the soil materials were obtained from the drill auger cuttings, representing a
mixture of soils encountered at the depths noted. The depth to groundwater, if any, was
measured in the boreholes. Following drilling, sampling, and logging, the borings were backfilled
with the cuttings and tamped upon completion. Where water was encountered, borings were
sealed with bentonite. Our field exploration was provided under the direction of a State of
California Registered Geotechnical Engineer from our firm.

The final logs of the borings represent our interpretation of the contents of the field logs and the
results of laboratory testing performed on the samples obtained during the subsurface
exploration. The final logs are included in Appendix A of this report. The stratification lines
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represent the approximate boundaries between soil types, although the transitions may be
gradual. In reviewing the logs and legend, the reader should recognize the legend is intended as
a guideline only, and there are a number of conditions that may influence the soil characteristics
observed during drilling. These include, but are not limited to cementation, variations in soil
moisture, presence of groundwater, and other factors.

The boring logs present field blow counts per 6 inches of driven embedment (or portion thereof)
for a total driven depth attempted of 18 inches. The blow counts on the logs are uncorrected
(i.e. not corrected for overburden, sampling, etc.). Consequently, the user must correct the blow
counts per standard methodology if they are to be used for design and exercise judgment in
interpreting soil characteristics, possibly resulting in soil descriptions that vary somewhat from
the legend.

Test Pit Excavations and Compaction Tests

Four test pits were excavated using a rubber-tire backhoe to approximate depths of 15 to 18 feet
below the existing ground surface. The test pits were advanced to observe soil profiles for
estimating soil ages and anticipated depths for the fault hazard exploration trenching. The
approximate test pit locations are shown on Plate 2, in Appendix A. In addition, compaction tests
(ASTM D 6938) were taken on the western slope face to obtain density data. A demarcation line
between higher and lower densities was seen about mid-slope height with higher densities seen
in the suspected fill over the native cut. Densities for each zone were averaged and are shown
on the slope stability output.

Fault Trench Excavations

The Willard fault has been mapped to cross or come very close to the subject site. The Willard
fault is not currently considered to be an active fault (movement within the last 11,000 years).
However, the County of Riverside has designated that most of the site is within a special study
zone for faulting. The City of Lake Elsinore has subcontracted a private geotechnical firm (NV5)
to perform geologic reviews for this project. Prior to performance of fault hazard exploration by
trenching, Earth Systems collaborated with NV5’s geologist to develop an exploration program.
NV5 concurred that an exploration program by geologic trenching is necessary to determine if
active faults exist within the site. Prior to excavating the exploration trench, the location for the
proposed trench was presented to NV5 for their review and concurrence.

This main fault trench is identified as T-1 and a small secondary fault trench (T-2) was excavated
adjacent to T-1. The main exploration trench extended in a northeast to southwest direction,
generally perpendicular to the regional fault trends and extended across most of the site,
excluding the ascending graded slope and the Grand Avenue easement. The trench was
excavated with a large excavator and was benched for OSHA compliance. The depth was
approximately 10 feet. Trench walls were scraped to remove loose soil and expose the geologic
strata. The trench walls were allowed to weather to allow for more subtle features to be
revealed. Graphic logs of the exposed materials were prepared by our certified engineering
geologists and are included in Appendix A.
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The T-2 fault trench was performed for clarifying some of the geologic features observed in T-1.
The T-1 fault trench was excavated to an approximate depth of 10 feet, where-as T-2 was
excavated to a depth of approximately 5 feet. An engineering geologist from NV5 performed a
site visit (September 9, 2018) after completion of the trenching and geologic logging to review
the exposed geologic units and discuss our conclusion that no faulting was observed. The units
exposed consisted of minor fill, alluvium and older alluvium. The older alluvium exposed in both
trenches is in our opinion older than 11,000 years based on the development of paleo B soil
horizons and within the older alluvium. The NV5 geologist verbally indicated that in general he
agreed with our opinion that the older alluvium exposed in the fault trenches is older than 11,000
years and no evidence of faulting was observed.

Percolation Test Holes

Five shallow borings were drilled within the proposed stormwater infiltration locations for
percolation testing. These holes were drilled on December 10, 2018 with the same drill rig as the
exploration borings. Test holes reached depths of approximately 5 feet bgs. Percolation testing
was performed in general accordance with the Riverside County Design Handbook for Low Impact
Development Best Management Practices (Riverside County Flood Control and Water
Conservation District, 2011). We installed 3-inch diameter perforated pipe along the entire
length of the test holes. Then we backfilled the holes between the pipe and borehole sidewalls
with clean gravel. After the gravel placement, we inundated the borehole with clean potable
water. The percolation locations are shown on the Boring Location Map (Plan View), Plate 2, in
Appendix A. The locations shown are approximate, established by pacing and line-of-sight
bearings from adjacent landmarks and consumer grade GPS coordinates (+/- 15 feet). Refusal
and groundwater were not encountered at the test hole locations.

Staff from Earth Systems maintained a log of the subsurface profile encountered in the test zone
and performed visual observation of the soils. Subsurface conditions encountered were
categorized and logged in general accordance with the Unified Soil Classification System [USCS]
and ASTM D 2487 and 2488 (current edition).

2.2 Laboratory Testing

Samples were reviewed along with field logs to select those that would be analyzed further.
Those selected for laboratory testing include, but were not limited to, soils that would be exposed
and those deemed to be within the influence of the proposed structures. Test results are
presented in graphic and tabular form in Appendix B of this report. Testing was performed in
general accordance with American Society for Testing and Materials (ASTM) or other appropriate
test procedure. Selected samples were also tested for a screening level of corrosion potential
(pH, electrical resistivity, water-soluble sulfates, and water-soluble chlorides). Earth Systems
does not practice corrosion engineering; however, these test results may be used by a qualified
corrosion engineer in designing an appropriate corrosion control plan for the project.
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Our testing program consisted of the following:

® Density and Moisture Content of select samples of the site soils (ASTM D 2937 & 2216).

® Maximum Dry Density/Optimum Moisture Content tests to evaluate the moisture-density
relationship of typical soils encountered (ASTM D 1557).

® Particle Size Analysis to classify and evaluate soil composition. The gradation
characteristics of selected samples were made by sieve analysis procedures (ASTM D
6913).

® Plasticity Index in accordance with ASTM D 4318.

® C(Consolidation and Collapse Potential to evaluate the compressibility and
hydroconsolidation (collapse) potential of the soil upon wetting (ASTM D 5333).

® Direct Shear to evaluate the relative frictional strength of the surficial slope soils.
Specimens were in a saturated condition prior to and during testing and were sheared
under normal loads ranging from 1.0 to 4.0 kips per square foot (ASTM D 3080).

® Expansion Index tests to evaluate the expansive nature of the soil. The samples were
surcharged under 144 pounds per square foot at moisture contents of near 50%
saturation. Samples were then submerged in water for 24 hours and the amount of
expansion was recorded with a dial indicator (ASTM D 4829).

® Screening Level Chemical Analyses (Soluble Sulfates and Chlorides (ASTM D 4327), pH
(APHA 2320-B), and Electrical Resistivity/Conductivity (ASTM G 187) to evaluate the
potential for adverse effects of the soil on concrete and steel.

® R-Value for pavement section analysis (CTM 301).
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Section 3
DISCUSSION

3.1 Soil Conditions

The field exploration indicates that site soils consist predominantly of alluvial type soils of silty
sand with lesser poorly graded sand and clayey sand (Unified Soils Classification System symbols
of SM, SP, SP-SM, and SC) to the maximum depth of exploration of 50% feet below the ground
surface. Fill, which appears to be locally derived and undifferentiated from the alluvium, overlies
the alluvium and is variable in thickness up to approximately 5 feet. The boring logs provided in
Appendix A includes more detailed descriptions of the soils encountered. Site soils are classified
as Type Cin accordance with Cal OSHA.

3.2 Groundwater

Free groundwater was encountered during our field exploration at approximately 28 and 47.5
feet bgs (maximum drill depth 50% feet). Significant perched moisture conditions were
encountered in various areas within site soils in the form of those soils at or near saturation
(based on % calculation). Free water is defined as visible excess water on or in the sample of
sample collection devices. Perched moisture was variable in depth.

Based on calculation of percent saturation of soil samples tested considering moisture content
and density, isolated zones of increased moisture were observed. The perched water appears
only to be impeding the downward migration of water, but does not appear to be mounding it.
This is due to the non-observation of saturated, free water above high moisture content zones,
and the observation of soils with significantly less moisture and percent saturation above these
high moisture zones. The perched water also does not appear to be laterally continuous as seen
by the variability of moisture content in our borings in the area despite ongoing irrigation of
adjacent properties for at least 50 years. The perched conditions are likely a result of farming
and irrigation throughout the years. The boring logs in Appendix A present locations of calculated
near saturated or saturated conditions, shown as “very moist” or “wet”.

Nearby State monitoring wells were researched for their recent and historic well readings. The
following is a summary of our findings for the two wells closest to the site.

e Well No. 06505W02A001S is located approximately 1.8 miles northeast of the project
site. The surface elevation of this well is approximately 1,277 feet and the groundwater
readings as measured from 2011 to 2018 varied from 1,000 to 1,076 feet above mean
sea level.

e Well No. 06504W19F001S is located approximately 2.3 miles southeast of the project
site. The surface elevation of this well is approximately 1,288.5 feet and the groundwater
readings as measured from 2012 to 2018 varied from 1,249.5 to 1,267.5 feet above mean
sea level.

Based on the above data, groundwater is not anticipated to be encountered during construction.
Based on the fault trench study, mottled soil conditions suggestive of past shallow groundwater
were observed as shallow as 5 feet deep, however conditions were variable. The historic
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groundwater depth is estimated to be approximately 5 feet deep at the site based on the fault
trench study. Fluctuations of the groundwater level and localized zones of increased soil
moisture content should be anticipated during and following the rainy season or from irrigation.

3.3 Collapse Potential/Consolidation Potential

Collapsible soil deposits generally exist in regions of moisture deficiency. Collapsible soils are
generally defined as soils that have potential to suddenly decrease in volume upon increase in
moisture content even without an increase in external loads. Soils susceptible to collapse include
loess, weakly cemented sands and silts where the cementing agent is soluble (e.g. soluble
gypsum, halite), valley alluvial deposits within semi-arid to arid climate, and certain granite
residual soils above the groundwater table. In arid climatic regions, granular soils may have a
potential to collapse upon wetting. Collapse (hydro-consolidation) may occur when the soils are
lubricated or the soluble cements (carbonates) in the soil matrix dissolve, causing the soil to
densify from its loose configuration from deposition.

The degree of collapse of a soil can be defined by the Collapse Potential [CP] value, which is
expressed as a percent of collapse of the total sample using the Collapse Potential Test (ASTM
Standard Test Method D 5333). Based on the Naval Facilities Engineering Command (NAVFAC)
Design Manual 7.1, the severity of collapse potential is commonly evaluated by the following
Table 1, Collapse Potential Values.

Table 1
Collapse Potential Values
Collapse Potential Value Severity of Problem
0-1% No Problem
1-5% Moderate Problem
5-10% Trouble
10-20% Severe Trouble
>20% Very Severe Trouble

Table 1 can be combined with other factors such as the probability of ground wetting to occur
on-site and the extent or depth of potential collapsible soil zone to evaluate the potential hazard
by collapsible soil at a specific site. A hazard ranking system associated with collapsible soil as
developed by Hunt (1984) is presented in Table 2, Collapsible Soil Hazard Ranking System.
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Table 2
Collapsible Soil Hazard Ranking System
Degree of Hazard Definition of Hazard
No hazard exists where the potential collapse magnitudes are non-
No Hazard existent under any condition of ground wetting.
Low hazards exist where the potential collapse magnitudes are small
Low Hazard

and tolerable, or the probability of significant ground wetting is low.
Moderate hazards exist where the potential collapse magnitudes are
Moderate Hazard undesirable, or the probability of substantial ground wetting is low,
or the occurrence of the collapsible unit is limited.

High hazard exists where potential collapse magnitudes are
undesirably high and the probability of occurrence is high.

High Hazard

The results of collapse potential tests performed on nine selected samples from depths ranging
from 5 to 20 feet below the ground surface indicated a collapse potential on the order of 0.4 to
2.4 percent. The goal of the collapse testing was to identify soils and densities where the
potential for collapse decreased to accepted levels. This accepted level is defined as where on-
site soils had collapse potential less than 1% to 2% or the estimated relative compaction is greater
or equal to 80 to 85%, which is the typical standard of care based on the above Table 1 (1%) or
where soil collapse becomes a concern for structural soils (2%) (County of Los Angeles, 2013).
Plotting and analysis of the of the results of the 9 tests indicates that collapse potential is
generally less than 2% when the dry density is greater than 109 pcf (relative to ASTM D 1557),
and generally less than 1% when the dry density is greater than 121 pcf (relative to ASTM D 1557).

Based on the field and laboratory testing performed, Earth Systems provides key items of interest
that supports Earth Systems recommendations regarding collapse potential at this site:

1. Soils are generally granular in nature and no significant cementation was
observed. Older alluvial soils with high blow counts predominate at the site:
however low blow count, and lower density layers exist, with predominate voids
in the upper 5 feet which are less significant with depth.

2. High dry densities (DD > 109 pcf) of the soils determined during the laboratory
testing generally had lower potential for collapse (less than 2%).

3. Collapsible soils were generally classified as Silty Sand (SM).

4. Soil collapse at the site appears to be directly related to in-place density (relative
compaction) which exists in site soils in the upper approximately 5 to 10 feet.

For some deposits without cementation, studies suggest some sites with densities above 103
pounds per cubic foot (pcf) are “not likely to collapse” and Ngo Values > 10 do not fit into the
category of “Likely Collapsible” (Lommler, C. J. and Bandini). In addition, soils with greater than
85 percent relative compaction are compact, and it is accepted that they are not likely to settle,
especially after initial inundation.

Based on the above criteria and our field and laboratory findings, we estimate there is a
“Moderate” collapse potential from soil layers between 0 and 10 ft below the ground surface
(bgs). Without collapse mitigation efforts, the collapse potential is variable in the borings and
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layers but up to approximately 0.9 inches. Assuming the recommended grading is accomplished
according to Section 5.1 of this report, we estimate the collapse potential differential settlement
is building structure areas on the order of approximately 0.3 inches.

34 Expansive Soils

Expansive soils are characterized by their ability to undergo significant volume change (shrink or
swell) due to variations in moisture content. Changes in soil moisture content can result from
rainfall, landscape irrigation, utility leakage, roof drainage, perched groundwater, drought, or
other factors, and may cause unacceptable settlement or heave of structures, concrete slabs
supported-on-grade, or pavements supported over these materials. Depending on the extent
and location below finished subgrade, expansive soils can have a detrimental effect on structures.
Based on our laboratory testing and experience with the project, the expansion potential of the
on-site soils tested is generally “very low” as defined by ASTM D 4829 and the 2016 California
Building Code.

Testing and/or observation of the subgrade soils during grading within the building pad and at
the footing grade should be performed to further evaluate the expansion potential and confirm
or modify the recommendations presented herein.

3.5 Corrosion Potential

Two samples of the near-surface soils were tested for potential corrosion of concrete and ferrous
metals. Soils in the upper 0 to 5 feet were tested as a blended (composite) sample. The tests
were conducted in general accordance with the ASTM Standard Test Methods to evaluate pH,
resistivity, and water-soluble sulfate and chloride content. The test results are presented in
Appendix B. These tests should be considered as only an indicator of corrosivity for the samples
tested. Other earth materials found on site may be more, less, or of a similar corrosive nature.

Water-soluble sulfates in soil can react adversely with concrete. ACI 318 provides the
relationship between corrosivity to concrete and sulfate concentration, presented in the table
below:

Table 3
Water-Soluble Sulfate in Soil S (O (TS
(ppm)
0-1,000 Negligible
1,000 - 2,000 Moderate
2,000 - 20,000 Severe
Over 20,000 Very Severe

In general, the lower the pH (the more acidic the environment), the higher the soil corrosivity will
be with respect to ferrous structures and utilities. As soil pH increases above 7 (the neutral
value), the soil is increasingly more alkaline and less corrosive to buried steel structures, due to
protective surface films, which form on steel in high pH environments. A pH between 5 and 8.5
is generally considered relatively passive from a corrosion standpoint. High chloride levels tend
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to reduce soil resistivity and break down otherwise protective surface deposits, which can result
in corrosion of buried steel or reinforced concrete structures. Soil resistivity is a measure of how
easily electrical current flows through soils and is the most influential factor. Based on the
findings of studies presented in ASTM STP 1013 titled “Effects of Soil Characteristics on
Corrosion” (ASTM, 1989), the approximate relationship between soil resistivity and soil
corrosivity was developed as shown in Table 4.

Table 4
Soil Resistivity (Ohm-cm) Corrosivity to Ferrous Metals
0 to 900 Very Severely Corrosive
900 to 2,300 Severely Corrosive
2,300 to 5,000 Moderately Corrosive
5,000 to 10,000 Mildly Corrosive
10,000 to >100,000 Very Mildly Corrosive

Test results show pH values ranging from 7.2 to 7.3, chloride contents of 2.9 to 6.4 ppm, sulfate
contents of 2.7 to 16 ppm and minimum resistivity’s of 13,200 to 17,200 Ohm-cm. Although
Earth Systems does not practice corrosion engineering, the corrosion values from the soil tested
are normally considered as being “very mildly” corrosive to buried metals and as possessing a
“negligible” exposure to sulfate attack for concrete as defined in American Concrete Institute
[ACI] 318, Section 4.3. The results of all chemical testing have been provided in Appendix B. The
above values can potentially change based on several factors, such as importing soil from another
job site and the quality of construction water used during grading and subsequent landscape
irrigation.

3.6 Stormwater Percolation Testing

As indicated in Section 2.1 of this report, five test holes were drilled using the same drill rig as
the exploration borings. Test holes were excavated on December 10, 2018 and reached depths
of approximately 5 feet below the ground surface. These test locations represent the soils at the
assumed bottom of the proposed infiltration systems. The percolation boring locations are
shown on the Boring Location Map (Plate 2), in Appendix A.

The presence of gravel and the PVC pipe (inserted in the boring) were accounted for in the
percolation test results. The borings were pre-saturated with potable water at least 24 hours
prior to testing and again immediately prior to testing. Test results were taken with a water
surface at approximate depths between 3 and 5 feet below existing grade at the test location,
respectively (see Table 5).

Test procedures followed the procedures for deep boring percolation testing according to the
Riverside County Flood Control and Water Conservation District Design Handbook for Low Impact
Development Best Management Practices, September 2011. The soils encountered at each test
location and the percolation rates as well as empirically correlated infiltration rate are presented
in Table 5. A factor of safety of 3 in accordance with the Riverside County Manual (2011) was
applied to the tested empirical infiltration rate in order to determine the design infiltration rate.
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Table 5
Infiltration Rate Results
Test Zone Porchet Design
Soil USCS Soil Below Percolation | Empirical | Infiltration
Test Condition Description in Existing Rate Infiltration Rate
Test Zone Surface (min/in) Rate (in/hr)
(feet) (in/hr) (FOS =3)
P-1 (Native) Silty Sand (SM) 3.5to5 12.5 0.33in/hr | 0.11in/hr
P-2 (Native) Silty Sand (SM) 3to5 8.1 0.54in/hr | 0.18in/hr
P-3 (Native) Silty Sand (SM) 3.5to5 14.9 0.32in/hr 0.11in/hr
P-4 (Native) Silty Sand (SM) 3to5 18.5 0.23in/hr | 0.08 in/hr
P-5 (Native) Silty Sand (SM) 3.5t05 10.1 0.47 in/hr | 0.16 in/hr

3.7 Geologic Setting

Regional Geology: The site is located within the Elsinore Trough, which in turn is located within
a larger structural block known as the Perris Block. The Perris Block, which is a part of the
Peninsular Ranges Geomorphic Province, is bounded on the northeast by the San Jacinto fault,
on the north by the Cucamonga fault, and on the southwest by the Santa Ana Mountains.

Local Geology: The Elsinore Trough has been filled with up to approximately 2,300 feet of alluvial
materials of sand, silty sand, clayey, silt and clay. The site is underlain with younger and older
alluvial materials which consist of slightly consolidated to weakly cemented silty sand, clayey
sand, and poorly graded sand. Morton and Weber (2003), has identified these alluvial units as
younger alluvial valley deposits which overlie the older alluvial fan deposits. The older alluvial fan
deposits are late Pleistocene. The site is near the Santa Ana Mountains located west of Lake
Elsinore which are generally comprised of granitic bedrock. In Borings B-1 and B-2 it appears that
highly weathered granitic bedrock may have been encountered near the bottom of each boring.
Due to the small samples obtained, the material could also be highly weathered cobble or
boulder. The depth of the granitic rock was 25 feet and 45 feet, respectively. The “granitic
bedrock” was only encountered in these two borings and it appears the contact between older
alluvium and granitic bedrock could be highly variable, if it exists at these locations.

Within the exploration trench T-1, older alluvium was exposed. The presence of poorly to
moderately developed paloesols is indicative of a pre-Holocene age, confirming the Pleistocene
or pre-Holocene designation.

3.8 Geologic Hazards

Geologic hazards that may affect the region include seismic hazards (ground shaking, surface
fault rupture, soil liquefaction, and other secondary earthquake-related hazards), slope
instability, flooding, ground subsidence, and erosion. A discussion follows on the specific hazards
to this site.
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3.8.1 Seismic Hazards

Seismic Sources: Several active faults or seismic zones lie within 40 miles of the project site as
shown on Table A-1 in Appendix A. The primary seismic hazard to the site is strong ground
shaking from earthquakes along the Elsinore, Chino, Whittier and San Jacinto fault zones.

Surface Fault Rupture: The project site does not lie within a currently delineated State of
California, Alquist-Priolo Earthquake Fault Zone (CGS, 2018). Well-delineated fault lines cross
through this region as shown on California Geological Survey [CGS] maps (Jennings, 2010), a copy
of a portion of this map is attached in Appendix A). The Willard fault, a segment of the Elsinore
fault zone is mapped through the edge of this site, close to or under Grand Avenue. The Willard
fault has not been identified by the State of California as an Active fault. The main or primary
Elsinore fault (Glen Ivy) is mapped approximately 0.2 miles northeast of the site. The closest
Alquist-Priolo (A-P) Special Studies Zone is approximately 2.75 miles north of the site and the A-
P Special Studies Zone for the Wildomar fault is located approximately 3.4 miles southeast of the
site. However, the County of Riverside has identified almost the entire site as a special study zone
for faulting, so the fault trenching performed is intended to address the Riverside County Special
Study requirement, as well as the requirements by NV5.

Based on our lineament analysis and fault trench observations, it our professional opinion that
“active” fault rupture has not occurred within the subject site. Previous fault trenching by Lewis
S. Lohr & Associates (1978) on the property immediately northwest of the project, also did not
encounter evidence of active faulting across a previously mapped trace of the Willard fault.
While fault rupture generally occurs on previously known faults, there is no guarantee that future
fault rupture will not occur at other locations. Fault trench logs are presented in Appendix A.
NV5 was also onsite to observe the weathered trench and discuss, for concurrence of, our finding
of no active fault rupture.

Lineament Analysis (Aerial Photograph Review): A lineament analysis was performed for this site
by reviewing historical aerial photographs from Google Earth, Historical Aerials website and
stereo photographs on file with the Riverside County Flood Control District. The exact
photographs reviewed are listed in the References Section of this report. Based on our review of
these historical photographs, it is our opinion that agricultural activities began at the site prior to
1962. The site underwent significant grading between 1984 and 1990 resulting in removal of soil
in the southeast (south) corner, the cuts taper northward and westward. On the eastern side
they taper from the maximum in the south corner to natural at about Grand Avenue. On the west
side, along Macy Street the maximum cut is within the western corner and tapers to about
natural grade about midway between the property line and Grand Avenue.

A storm drain was observed on an image that was reviewed at Riverside County Flood Control
District. The storm drain coincides with 2 manholes observed on site. The grading on site may
have been necessary to install this storm drain, identified as Ortega Channel (laterals A and A-1);
or the site may have been used as a borrow site to achieve grades for the development to the
southwest. Depths of the channel are estimated to be on the order of up to approximately 10
feet below existing grades.
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No evidence of lineaments, suggestive of faulting was noted on the reviewed photographs.

Historic Seismicity: The site is located within an active seismic area in southern California where
large numbers of earthquakes are recorded each year. Many of the major historic earthquakes
felt in the vicinity of western Riverside County have originated from faults located outside the
area. These include the 1857 Fort Tejon, 1933 Long Beach, 1952 Arvin-Tehachapi, 1971 San
Fernando, 1987 Whittier Narrows, 1992 Landers, 1994 Northridge, and 1999 Hector Mine
earthquakes.

Over 11,000 recorded earthquakes (mostly small earthquakes) have occurred within 30 miles of
the Lake Elsinore area since 1931 (Homefacts website, 2019). Approximately 40 historic
earthquakes of magnitude 5.5 or greater have occurred within 65 miles of the site usually
originating on or near the San Andreas, San Jacinto, or Elsinore faults. These include the 1812
Wrightwood, 1894 Lytle Creek, 1899 San Jacinto, 1910 Elsinore (Glen lvy, Hot Springs), 1918 San
Jacinto, and 1923 North San Jacinto earthquakes.

Of significance are the multiple earthquake events along the San Jacinto fault at the turn of the
century in 1890, 1892, 1899, and 1923. Additional earthquakes in the region along this fault zone
occurred in 1937 and 1954 suggesting that the San Jacinto fault is a significant source of large to
major earthquakes. Of interest, the only significant historic earthquake along the local Elsinore
fault was in 1910.

Historically, the San Andreas fault is responsible for two of the three great earthquakes
experienced in the southern California area. These are the 1812 Wrightwood and the 1857 Fort
Tejon earthquakes. The 1857 rupture extended along the San Andreas fault from Parkfield to
Cajon Pass and was felt throughout most of California. While the epicenter of this earthquake is
assumed to be located near Parkfield, California, approximately 180 miles northwest of Lake
Elsinore, the fault rupture extended southeastward to the vicinity of Cajon Pass, just 44 miles
northeast of the site. No significant earthquakes or fault movements have been attributed to this
segment of the San Andreas fault since 1857. A great earthquake that occurred in 1812 near
Wrightwood in the eastern San Gabriel Mountains also originated on the nearby San Andreas
fault.

The 1899 San Jacinto earthquake, although not well located due to poor documentation at the
turn of the century, was estimated to have had a local magnitude of approximately 6.5.
Significant damage to structures in San Jacinto and Hemet occurred, especially to unreinforced
brick or adobe buildings. This earthquake is thought to have originated from fault rupture along
the San Jacinto fault.

In 1910, the large Glen Ivy Hot Springs (Elsinore) earthquake occurred near Lake Elsinore.
Estimated to have had a local magnitude of approximately 6, this earthquake was preceded by
two foreshocks and did damage to structures in Wildomar, Corona, and Temescal. The
earthquake was felt in San Diego and Los Angeles. The causative fault is thought to be the Elsinore
fault, a fault with no other documented historic earthquakes of magnitude 6 or greater.

The 1918 San Jacinto earthquake again shook the towns of San Jacinto and Hemet where most
of the damage occurred. This local magnitude 6.8 earthquake caused significant cracking to
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roadways, canals, and the ground. Landslides were common. The San Jacinto fault was the
causative fault.

In 1923, a magnitude 6.2 earthquake occurred along the northern portion of the San Jacinto fault
zone. The towns of San Bernardino and Redlands were most affected. Most damage was minor,
although the San Bernardino Hospital and Hall of Records were significantly damaged.

The 1933 Long Beach earthquake was the result of a 6.4 magnitude earthquake on the Newport-
Inglewood fault zone near present day Huntington Beach. Most damage occurred to
unreinforced masonry buildings including many school buildings.

The 1971 San Fernando earthquake resulted in extensive damage to structures in parts of San
Fernando and the Santa Clarita Valley. The epicenter of the earthquake was located near Soledad
Junction approximately 60 miles northwest of the site. Strong motion accelerographs recorded
ground accelerations as high as 1.25g at Pacoima Dam near the epicenter of the earthquake.
Some structures designed in accordance with the Building Code in affect at the time were
extensively damaged.

The 1987 Whittier Narrows earthquake shook the Corona area for several seconds. The epicenter
of this 5.9 magnitude earthquake, located near Monterey Park, was approximately 32 miles
northwest of the site. This earthquake occurred on an unsuspected seismogenic feature known
as a buried, or "blind", thrust fault underlying the Elysian Park-Montebello Hills area.

The major 1992 Landers/Big Bear earthquakes also shook the Corona area. Damage was minimal.
This earthquake was generated by a system of strike-slip faults in the mountain and desert areas
over 69 miles northeast of the site.

The 1994 Northridge earthquake and related aftershocks significantly shook the Corona area.
Like the Whittier Narrows earthquake, this event was produced by a buried thrust fault that
underlies portions of the San Fernando Valley and the Santa Susana Mountains. No actual fault
rupture associated with the main thrust faulting occurred at the surface. Primary fault rupture
terminated approximately 3 to 4.3 miles (5 to 7 km) below the ground surface.

Seismic Risk: While accurate earthquake predictions are not possible, various agencies have
conducted statistical risk analyses. In 2002 and 2008, the California Geological Survey [CGS] and
the United States Geological Survey [USGS] completed probabilistic seismic hazard maps. We
have used these maps in our evaluation of the seismic risk at the site. The Working Group of
California Earthquake Probabilities (WGCEP, 2007) estimated a 59 percent conditional probability
that a magnitude 6.7 or greater earthquake may occur between 2008 and 2038 along the
southern segment of the San Andreas fault, 11 percent for the Elsinore fault, and 31 percent
along the San Jacinto fault. Recent estimates suggest a nearly 98% probability of a nearby 5.0 in
the next 50 years.

Soil Liguefaction and Lateral Spreading: Liquefaction is the loss of soil strength from sudden
shock (usually earthquake shaking), causing the soil to become a fluid mass. Liquefaction
describes a phenomenon in which saturated soil loses shear strength and deforms as a result of
increased pore water pressure induced by strong ground shaking during an earthquake.
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Dissipation of the excess pore pressures will produce volume changes within the liquefied soil
layer, which can cause settlement. Shear strength reduction combined with inertial forces from
the ground motion may also result in lateral migration (lateral spreading). Factors known to
influence liquefaction include soil type, structure, grain size, relative density, confining pressure,
depth to groundwater, and the intensity and duration of ground shaking. Soils most susceptible
to liquefaction are saturated, loose sandy soils and low plasticity clay and silt.

In general, for the effects of liquefaction to be manifested at the surface, groundwater levels
must be within 50 feet of the ground surface and the soils within the saturated zone must also
be susceptible to liquefaction. We consider the potential for liquefaction to occur at this site as
moderate to high because historic groundwater is generally less than 50 feet below the ground
surface. The site is within a “moderate” liquefaction hazard zone as defined by Riverside County
(Geographic Information Services, 2018). Liquefaction output considering historic high
groundwater levels of 5 feet and soils above the groundwater are presented in Appendix A.
Results indicate a worst case liquefaction potential at depths greater than 7.5 and 9.5 feet with
estimated dry seismic and liquefaction induced settlement of 1 inch in B-2 and 1.9 inches in B-
13. The potential for lateral spreading to the nearby lake is considered low under a screening
evaluation due to the blowcount >15 N1 for the liquefiable layer (Youd & Bartlett, 2002). Due
to the density of overlying soils, the potential for sand boils is considered low. Due to the depth
of liquefaction and layer settlement in relation to the footing influence zone for the maximum
footing sizes presented within, the potential for bearing failure is considered low.

Dry Seismic Settlement: The amount of dry seismic settlement is dependent on relative density
of the soil, ground motion, and earthquake duration. In accordance with current CGS policy
(Earth Systems discussion with Jennifer Thornburg, CGS May 2014), we used a site peak ground
acceleration of % PGAwm (PGAm = 0.91) and an earthquake magnitude of 7.7 to evaluate dry
seismic settlement potential. The design peak ground acceleration values were obtained from
the SEAOC online application (https://seismicmaps.org/).

Based upon methods presented by Tokimatsu and Seed (1987), the potential for seismically
induced dry settlement of soils above the full dry groundwater table for the full soil column height
(50 feet) was calculated and estimated to be 0.5 inches in Boring B-2 and 0.5 inches in Boring B-
13. The remaining deeper borings onsite had similar potential. Seismic settlement is based on
post grading recommendations stated in Section 5.1. Due to the general uniformity of the soils
encountered, seismic settlement is expected to occur on an areal basis and as such per Special
Publication 117A (CGS, 2008), the differential settlement is estimated to be approximately % of
the total estimated dry seismic settlement (% inch) considering soil remediation as recommended
in Section 5.1.

Fissuring and Ground Subsidence: The Riverside County Parcel report indicates that the site is
within a “Susceptible” potential subsidence area. In areas of fairly uniform thickness of alluvium,
fissures are thought to be the result of tensional stress near the ground surface and generally
occur near the margins of the areas of maximum subsidence. Surface runoff and erosion of the
incipient fissures augment the appearance and size of the fissures. Fissuring was not observed
onsite or in aerial photo review.
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Changes in pumping regimes can affect localized groundwater depths, related cones of
depression, and associated subsidence such that the prediction of where fissures might occur in
the future is difficult. Inthe project area, groundwater depths remain fairly deep and we consider
the current subsidence potential low. However, in the event of future nearby aggressive
groundwater pumping and utilization, the occurrence of deep subsidence cannot be ruled out.
Changes in regional groundwater pumping could result in areal subsidence. The risk of areal
subsidence in the future is more a function of whether groundwater recharge continues and/or
over-drafting stops, than geologic processes, and therefore the future risk cannot be predicted
or quantified from a geotechnical perspective.

Seismic Hazard Zones: This portion of Riverside County has been mapped for the California
Seismic Hazard Mapping Act (Ca. PRC 2690 to 2699) for earthquake faults, but not liquefaction
or slope instability.

3.8.2 Other Hazards

Landslides and Slope Instability: The site is relatively flat except the existing approximate 15 to
17-feet high ascending graded slope located along the southwest margin of the site. This graded
2:1 slope is likely a fill over cut slope graded for the subdivision located southwest of the project
and appeared intact with no evidence of gross or surficial instability despite being in-place for
nearly 30 years. Earth Systems performed static, seismic, and temporary construction slope
stability analysis for a 2:1 slope having a slope height of 20 feet (20 feet due to inaccuracy in
height measurement available). Two soils (compacted fill and native) were used in the study and
given engineering soil parameters based on laboratory data, SPT blow counts, and classifications
determinations. Soil property values varied depending on the analysis performed. Saturated
Ultimate direct shear values were used for static analysis and saturated direct Peak values were
used for seismic and temporary construction. A lightly loaded shear was run for native soil
analysis, and surficial analysis. Surcharge loads were not included at the top of slope as significant
structure (home) loads are setback at least 15 feet and the yards too small to allow heavy
development right near the top of slopes (15 feet, 1:1 setback). Pools exist but unload soils. A
100 psf surcharge per the CBC was included for flatwork. Laboratory soil strength cohesion
parameters were reduced by 30% in accordance with typical practice and SP117. Historic
groundwater levels were considered. Pseudostatic “k” values of 0.3 horizontal and 0.1 vertical
were utilized and considered guidance in the Riverside County Technical Guidelines for Review
of Geotechnical and Geologic Reports (2000).

For the slope analysis, we used the Janbu and Bishop Simplified Methods in the Slide 8
(Roscience) software, which provided the results for static, seismic, and temporary construction
modeling. Results included in Appendix A provide the engineering soil parameters and Factor of
Safety for the static, seismic loading, and temporary construction conditions. Note, acceptable
Factor of Safety for static loading conditions are 1.5, 1.1 for pseudo static conditions, and 1.2 for
temporary construction. Results indicate a factor of safety above 1.5 for static conditions, 1.1 for
seismic conditions, and 1.2 for postulated temporary construction conditions. Therefore, the
potential for global static and pseudo static slope instability of the present conditions are
considered to be low. Due to the “low” potential for lateral flow failure, slope stability under
these conditions was not evaluated.
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Surficial stability analysis for the 2:1 slope indicates a Factor of Safety of 1.03 (greater than 1) in
an unprotected slope face. This is below the mandated Factor of Safety of 1.5. While a Factor of
Safety of 1.03 indicates an inherent stability, as confirmed by the lack of evidence for surficial
instability, the low factor of safety does suggest a potential hazard assuming full-depth saturation
of the slope face (4’). Currently the slope is partially vegetated, including large trees that improve
the overall stability of the slope. Erosion and minor sluffing of slopes could occur.

Flooding: Most of the project site lies in an area designated as Zone X: “Areas of 0.2% annual
chance floodplain; areas of 1% annual chance flood with average depths of less than 1 foot or
with drainage areas less than 1 square mile; and areas protected by levees from 1% annual
chance flood.” A small portion of the project site located to the northwest lies in an area
designated as Zone D: “Areas in which flood hazards are undetermined, but possible.” This
project area and Zone X and Zone D are identified on FEMA Map No.: 06065C2017G, Panel 2017
of 3805, Map Revised August 28, 2008. Appropriate project design by the project civil engineer,
construction, and maintenance can minimize the site sheet flooding potential.

Seiches: Seiching is defined as a periodic oscillation of liquid within a container or reservoir. Its
period is determined by the resonant characteristics of the container, as controlled by its physical
dimensions. Swimming pools are located on the residential lots immediately southwest of the
site. Any pool seiches related flooding could exit the back yards and flow over the southwest
margin slope, resulting in erosion and minor flooding.

The site is elevated approximately 60 above the Lake Elsinore high water elevation and about
1460 feet laterally from the shoreline. Thus, the on-site hazards from seiching of Lake Elsinore is
considered low.
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Section 4
CONCLUSIONS

The following is a summary of our conclusions and professional opinions based on the data
obtained from a review of selected technical literature and the field explorations.

General: Based on our field exploration, laboratory testing, and geotechnical analyses conducted
for this study, it is our professional opinion that the site is suitable, from a geotechnical and
geologic standpoint, for construction as proposed, provided the recommendations presented in
this report are incorporated into project design and construction.

The recommendations presented in this report may change pending a review of final grading
plans and foundation plans. Recommendations presented in this report should not be
extrapolated to other areas or be used for other projects (beyond those expressly identified
within) without our prior review and comment.

Geotechnical Constraints and Mitigation:

» The primary geologic hazard is moderate to severe ground shaking from earthquakes
originating on regional southern California faults. A major earthquake originating on the
nearby segments of the Elsinore, San Jacinto, and San Andreas fault zones and other
associated faults would be the critical seismic events that may affect the site within the
design life. Engineered design and earthquake-resistant construction increase safety and
allow development within seismic areas.

» The underlying geologic condition for seismic design is Site Class D. The site is about 0.2
miles from a Type A seismic source as mapped by the California Geological Survey.
However, the site is approximately 2.75 miles from a Type A seismic source and an Alquist-
Priolo Special Studies Zone. A qualified professional should design any permanent
structure constructed on the site. The minimum seismic design should comply with the
2016 edition of the California Building Code.

» The site is within a County of Riverside designated fault zone, but is not within a currently
designated Alquist-Priolo Earthquake Fault Zone. Evidence of faulting, including active
faulting was not observed in the fault hazard exploration trenches excavated for this
project. Nor were there any significant aerial photograph lineaments noted on the
historic aerial photographs suggestive of active faulting. Therefore, the potential for
surface fault rupture at the site is considered very low.

» The potential for ground subsidence and liquefaction settlement hazards are considered
moderate for this project. The site is not within an area of documented areal subsidence.

» Other geologic hazards, including flooding, and landslides, are considered low potential
on this site. Surficial instability of the existing ascending 2:1 graded slope along the
southwest margin of the property is considered a moderate hazard. However, assuming
construction of the planned retaining wall along the toe of this slope and slope protection
is implemented, the potential for slumps and soil creep is reduced, and a general
maintenance issue.

» Based on current conditions, groundwater is not anticipated to be encountered during
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construction.

» Much of the existing on-site fill and alluvial soils are very low in Expansion Index and
suitable for location under structures or hardscape after remedial grading. Building
structure recommendations provided within are based upon using a very low in expansion
potential fill material.

» The upper site soils have variable blow counts, low in-place densities, and associated
potential for hydrocollapse. In our opinion, the upper loose alluvial soils are considered
compressible and will require over-excavation within the proposed building pads, storm
drain channels, hardscape, parking, drives and other settlement sensitive areas. In-place
density test results of 85% or higher (or firm soils) will need to be attained within the
bottom of the structure over-excavations before an over-excavation is approved for fill
placement.

» Laboratory testing of two samples showed potentially “very mild” corrosivity to buried
metallic elements and “negligible” for sulfate exposure to concrete. See Section 3.5 for
further information. Site soils should be reviewed by an engineer competent in corrosion
evaluation.

» In our professional opinion, structure foundations can be supported on shallow
foundations bearing on a zone of properly prepared and compacted soils placed as
recommended in Section 5.1. The recommendations that follow are based on “very low”
expansion category soils.

» Setbacks are provided for structures, including setback from the onsite storm channel
easement.

» Specific retaining wall foundation design recommendations are provided to minimize
disturbance and back cuts into existing slopes providing support for up-slope properties
and homes.
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Section 5
RECOMMENDATIONS

5.1 Site Development — Grading

A representative of Earth Systems should observe site clearing, grading, and the bottoms of
excavations before placing fill. Local variations in soil conditions may warrant increasing or
decreasing the depth of recompaction and over-excavation. Proper geotechnical observation and
testing during construction is imperative to allow the geotechnical engineer the opportunity to
verify assumptions made during the design process, to verify that our geotechnical
recommendations have been properly interpreted and implemented during construction and is
required by the 2016 California Building Code. Preventative measures to reduce seasonal
flooding and erosion should be incorporated into site grading plans. Dust control should also be
implemented during construction. Site grading should be in strict compliance with the
requirements of the South Coast Air Quality Management District [SCAQMD].

Observation of fill placement by the Geotechnical Engineer of Record should be in conformance
with Section 17 of the 2016 California Building Code. California Building Code requires full time
observation by the geotechnical consultant during site grading (fill placement). Therefore, we
recommend that Earth Systems be retained during the construction of the proposed
improvements to provide testing and observe compliance with the design concepts and
geotechnical recommendations, and to allow design changes in the event that subsurface
conditions or methods of construction differ from those assumed while completing this study.
Additionally, the California Building Code requires the testing agency to be employed by the
project owner or representative (i.e. architect) to avoid a conflict of interest if employed by the
contractor. Unless noted otherwise, grading should be performed in general accordance with
Appendix J of the 2016 CBC.

Clearing and Grubbing: At the start of site grading, existing vegetation, trees (including the entire
rootball), large roots, overly wet and/or soft soil, undocumented fill, pavements, foundations,
construction debris, septic tanks, leach fields, deleterious material, trash, and abandoned
underground utilities should be removed from the proposed building areas. Organic growth
should be stripped off the surface and removed from the construction area. Areas disturbed
during demolition and clearing should be properly backfilled and compacted as described below.

Undocumented fill, and buried utilities may be located in the vicinity of the planned structures
and within other areas of the project site. All buried structures which are removed should have
the resultant excavation backfilled with soil compacted as engineered fill described herein or with
a minimum 2-sack sand slurry approved by the project geotechnical engineer. Abandoned
utilities should be removed entirely, or pressure-filled with concrete or grout and be capped.
Abandoned buried utilities structures, or foundations should not extend under building limits.

After stripping and grubbing operations, areas to receive fill should be stripped of loose or soft
earth materials until a firm subgrade is exposed, as evaluated by the geotechnical engineer or
geologist (or their representative). Before the placement of fill or after cut, the existing surface
soils within the building pads and improvement areas should be over-excavated as follows:
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Building Pad Preparation: Due to the non-uniform and variable low-density of shallow soils, the
existing soils within the building pad and foundation areas should be over-excavated a minimum
of 5 feet below existing grade or 3 feet below the bottom of the footings, whichever is lower.
The exposed undisturbed subgrade bottom should be observed and tested by the geotechnical
engineer or his representative to verify an in-place density of the subgrade is at or greater than
85% relative compaction per ASTM D 1557 or soils are firm (as determined by the geotechnical
engineer or his representative). Deeper over-excavation may be recommended if the required
in-place density is not achieved, soils are not firm, or undocumented fill exists.

The approved bottom of the sub-excavation should then be scarified 12 inches; moisture
conditioned to near optimum moisture content, and recompacted to at least 90% relative
compaction (ASTM D 1557) prior to fill placement. Moisture conditioned and compacted
engineered fill should then be placed to finish subgrade elevation in suitable compacted lifts.
Compaction should be to at least 90% relative compaction. Compaction should be verified by
testing.

Auxiliary Structures Subgrade Preparation: Auxiliary structures such as garden or retaining walls,
etc. should have the foundation subgrade prepared similar to the building pad recommendations
given above. The over-excavation should extend horizontally for 2 feet beyond the outer edge.
The exposed soils should then be moisture conditioned to near optimum moisture content, and
recompacted to at least 90 percent relative compaction (ASTM D 1557). Moisture conditioned,
engineered fill may then be placed to finished subgrade in suitable, compacted lifts. Compaction
should be verified by testing.

Subgrade Preparation: In areas to receive fill not supporting structures or hardscape the
subgrade should be scarified; moisture conditioned and compacted to at least 90% relative
compaction (ASTM D 1557) for a depth of 1 foot below existing grade, or finished subgrade,
whichever is deeper. Compaction should be verified by testing.

Pavement and Hardscape Area Preparation: In street, drive, permanent parking, and hardscape
areas the subgrade should be over-excavated a minimum depth of two feet below existing grade
or finish grade (whichever is deeper). The excavation bottom should be scarified 12 inches,
moisture conditioned to near or over optimum moisture content and be recompacted to at least
90% relative compaction. Engineered fill should then be moisture conditioned, placed in suitable
lifts, and compacted to a minimum of 90% relative compaction to finish grade, with the upper 1
foot compacted to at least 95% relative compaction in parking and drive areas. Compacted fill
should be placed to finish subgrade elevation. Compaction should be verified by testing.

Retention Basin and Infiltrator Bottom Preparation: Compaction effort should be kept to a
minimum at retention basin bottom areas and bottom areas used for any infiltrators (except
under foundations). The subgrade below the bottom of basins and infiltrator bottoms should be
compacted to approximately 85% relative compaction. Side slopes and any other fill or
foundation subgrade should be compacted to at least 90% relative compaction. Slope
construction should be per this report. Loose rock, such as pea gravel or open graded rock placed
in the basin bottoms does not require compaction testing, but should be placed in lifts no greater
than 2 feet and consolidated by thoroughly wetting and consolidating by passes with heavy
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equipment (such as a loader with full bucket or full water truck) until firm such that none to
minimal deformation (less than 1 inch) occurs under the weight of passing of equipment. Basins
are recommended to have hydrocollapsible soils removed to competent soil or be located at least
20 feet from foundations. Infiltrator bottoms are recommended to be at least 6 feet deep below
existing grades and have hydrocollapsible soils removed to competent soil. Competent soil is
defined as soil meeting the compaction or density criteria as described for Building Pads.

Slope Construction: Please see Section 5.5 for detailed slope preparation recommendations.

All over-excavations should extend to a depth where the project geologist, engineer or his
representative has deemed the exposed soils as being suitable for receiving compacted fill. The
materials exposed at the bottom of excavations should be observed by a geotechnical engineer
or geologist from our office prior to the placement of any compacted fill soils to verify that all old
fill is removed. Additional removals may be required as a result of observation and/or testing of
the exposed subgrade subsequent to the required over-excavation.

Engineered Fill Soils: The existing fill and native soils when processed appropriately are
considered to be suitable for use as engineered fill. Engineered fill should be generally free from
expansive soil (Expansive defined as Expansive Index (El) greater than 20), vegetation, trash, large
roots, overly wet and/or soft soil, clods larger than 3 inches, construction debris, oversized rock
(greater than 6 inches) and other deleterious material as determined by the geotechnical
engineer or his representative. Deleterious materials should be hauled offsite. Engineered fill
soils should have a “very low” Expansion Index.

Engineered fill (and any import) should be placed in maximum 8-inch lifts (loose) and compacted
to at least 90 percent relative compaction (ASTM D 1557) near its optimum moisture content
prior to placement of a subsequent loose lift. Within pavement areas, the upper 12 inches of
subgrade should be compacted to at least 95 percent relative compaction (ASTM D 1557).
Compaction should be verified by testing. Rocks larger than 6 inches in greatest dimension should
be removed from fill or backfill material, with the exception of playfield areas, where criteria
necessitating a smaller oversize allowance may apply. Typically, in play field areas, the maximum
oversize allowed is 1 inch.

Imported fill soils should be “very low” expansion potential granular soils meeting the
USCS classifications of ML (as pre-approved by the geotechnical engineer), SM, SP-SM, or SW-SM
with a maximum rock size of 3 inches and 5 to 35-percent passing the No. 200 sieve (unless
otherwise approved by the geotechnical engineer). The geotechnical engineer should evaluate
the import fill soils before hauling to the site. However, because of the potential variations within
the borrow source, import soil will not be prequalified by Earth Systems.

A program of compaction testing, including frequency and method of test, should be developed
by the project geotechnical engineer at the time of grading. Acceptable methods of testing may
include Nuclear methods such as those outlined in ASTM D 6938 (Standard Test Methods for In-
Place Density and Water Content of Soil and Soil-Aggregate by Nuclear Methods). Alternative
methods may include methods outlined in ASTM D 1556 (Standard Test Method for Density and
Unit Weight of Soil in Place by the Sand-Cone Method) or correlation probing with a hand probe.
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All soils should be moisture conditioned prior to application of compactive effort and prior to
foundation, slab-on-grade and pavement placement. Moisture conditioning of soils refers to
adjusting the soil moisture to or just above optimum moisture content. If the soils are overly
moist so that instability occurs, or if the minimum recommended compaction cannot be readily
achieved, it may be necessary to aerate to dry the soil to optimum moisture content or use other
means to address soft soils (as approved by the geotechnical engineer prior to use).

Shrinkage and Oversize Loss: The shrinkage factor for earthwork for the alluvial soil materials is
expected to range from -3 to 18 percent for the upper excavated or scarified site soils based upon
evaluation of 23 in-place densities (one standard deviation = 5, 95% Confidence Interval). This
estimate is based on compactive effort to achieve a weighted average relative compaction of
about 93 percent.

Shrinkage is highly dependent on and may vary with contractor methods for compaction. Losses
from site clearing, oversize rock removal, and removal of existing site improvements, as well as
the addition of excavated soil (footings, piers, etc.) may significantly affect earthwork quantity
calculations and should be considered.

Dust Control: The proposed site lies within an area of high potential for wind erosion. The site
soils have a fine-grained component of their composition. As such, exposed soil surfaces may be
subject to disturbed fine particulate matter (PMio) which can create airborne dust if the soil
surface or roadways are not maintained. During construction, watering the soil surface can
reduce airborne dust. Alternatively, a dust control palliative may be spray applied to the soil
surface to act as a tackifier which contains loose soil particles. Palliatives must be reapplied
periodically as they weather and degrade. Further guidance for dust palliatives can be found in
reviewing the United States Department of Agriculture publication Dust Palliative Selection and
Application Guide, Document No. 9977-1207-SDTDC. The recommended soil input parameters
are Plasticity Index <3, and fines content 20-30 percent.

5.2 Excavations and Shoring

Excavations should be made in accordance with Cal/OSHA requirements. Using the Cal/OSHA
standards and general soil information obtained from the field exploration, classification of the
near surface on-site soils will likely be characterized as Type C. Actual classification of site specific
soil type per Cal/OSHA specifications as they pertain to trench safety should be based on real-
time observations and determinations of exposed soils by the contractors Competent Person (as
defined by OSHA) during grading and trenching operations.

Our site exploration and knowledge of the general area indicates there is a moderate potential
for caving and sloughing of site excavations (over excavation areas, utilities, footings, etc.) due
to dry and also overly moist/wet conditions. Where excavations in soils over 4 feet deep are
planned, lateral bracing or appropriate cut slopes of 1.5:1 (horizontal/vertical) should be
provided. No surcharge loads from stockpiled soils or construction materials should be allowed
within a horizontal distance measured from the top of the excavation slope and equal to the
depth of the excavation. Excavations should be protected from water flow over the exposed
surface and saturation.
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Excavations which parallel structures, pavements, or other flatwork, should be planned so that
they do not extend into a plane having a downward slope of 1:1 (horizontal: vertical) from the
bottom edge of the footings, pavements, or flatwork. Shoring or other excavation techniques
may be required where these recommendations cannot be satisfied due to space limitations or
foundation layout. Where overexcavation will be performed adjacent to existing structures, ABC
slot cutting techniques may be used as pre-approved by the project geotechnical engineer.

Shoring: Shoring may be required where soil conditions, space, or other restrictions do not allow
a sloped excavation or slot cutting is not an option. A braced or cantilevered shoring system may
be used. Trench boxes should not be placed below or within the pipe zone elevation as their
removal may loosen compacted backfill. Positive trench shoring may be required (jacks and
plates).

A temporary cantilevered shoring system should be designed to resist an active earth pressure
equivalent to a fluid weighing as shown in the table below. Braced or restrained excavations
above the groundwater table should be designed to resist a uniform horizontal equivalent soil
pressure as presented in the table below.

Table 6

Temporary Cantilevered and Braced Shoring System Parameters
Equivalent Fluid Pressure
pounds per cubic foot (pcf)

Cantilevered Braced

42 64

The values provided above assume a level ground surface adjacent to the top of the shoring and
do not include a factor of safety. Fifty percent of an areal surcharge placed adjacent to the
shoring may be assumed to act as an additional uniform horizontal pressure against the shoring.
Special cases such as combinations of slopes and shoring or other surcharge loads may require
an increase in the design values recommended above. These conditions should be evaluated by
the project geotechnical or shoring engineer on a case-by-case basis. Retaining walls subjected
to traffic loads should include a uniform surcharge load equivalent to at least 240 psf for auto or
delivery truck (2 axle) traffic kept at least 3 feet from the back of the wall. Retaining walls with
closer traffic or heavier traffic loads should be designed for a 450 psf surcharge load. Retaining
walls should be designed with a minimum factor of safety of 1.5.

The wall pressures above the groundwater do not include hydrostatic pressures; it is assumed
that drainage will be provided. If drainage is not provided, shoring extending below the
groundwater level should be evaluated on a case-by-case basis.

Cantilevered shoring must extend to a sufficient depth below the excavation bottom to provide
the required lateral resistance. We recommend required embedment depths be determined
using methods for evaluating sheet pile walls and based on the principles of force and moment
equilibrium. For this method, the allowable passive pressure against shoring, which extends
below the level of excavation, may be assumed to be equivalent to a fluid weighing 350 pcf.
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Additionally, we recommend a factor of safety of at least 1.2 be applied to the calculated
embedment depth and that passive pressure be limited to 2,000 psf.

The contractor should be responsible for the structural design and safety of all temporary shoring
systems. The contractor should carefully review the exploration logs in this report, and perform
their own assessment of potential construction difficulties, and methods should be selected
accordingly. Shoring should be sealed to prevent the piping of soil material and potential soil loss
conditions which can cause settlement. The method of excavation and support is ultimately left
to the contractor with guidance and restrictions provided by the designer and owner. We
recommend that existing structures be monitored for both vertical and horizontal movement.

The method of excavation and support is ultimately left to the contractor with guidance and
restrictions provided by the designer and owner. A representative from our firm should be
present during grading operations to monitor site conditions; substantiate proper use of
materials; evaluate compaction operations; and verify that the recommendations contained
herein are met.

5.3 Utility Trenches

Backfill of utilities within roads or public right-of-ways should be placed in conformance with the
requirements of the governing agency (water district, public works department, etc.). Utility
trench backfill within private property should be placed in conformance with the provisions of
this report. Backfill operations should be observed and tested to monitor compliance with these
recommendations.

Trench Width and Vertical Loads on Pipelines: Vertical loads to the pipeline are highly dependent
upon the geometry of the trench. In general, the narrower the trench is at the top of the
pipe/conduit with respect to the diameter of the conduit, the less vertical load is applied to the
conduit. This is because as the trench backfill and bedding compress or consolidate over time,
the weight of the soil mass is partially offset by the frictional resistance along the trench
sidewalls. In addition, the type of bedding supporting the pipeline affects the bearing strength
of the conduit. This is accounted by a load factor that is multiplied to the design strength of the
conduit. The pipe manufacturer recommendations for trench installation and maximum width
should be followed to reduce the potential for overloading the pipe due to excess backfill load.

Pipe Subgrade and Bedding: Pipeline subgrade should be compacted to a minimum of 90%
relative compaction (ASTM D 1557) or to a firm condition as evaluated by the geotechnical
engineer or his representative for a depth of 6 inches below any bedding. Bedding material shall
consist of sand 100 percent passing a No. 4 sieve and less than 5 percent fines (passing a No. 200
sieve), and a sand equivalent of 30 or more or as approved by the project inspector and
geotechnical engineer. The unprocessed native soils are not typical of that used for bedding and
import will be required if needed.

Pipe-Zone, Trench—Zone, Trench Backfill and Compaction: Backfill of utilities should be placed in
conformance with the requirements of the specifications. Backfill of utilities within roads or
public right-of-ways should be placed in conformance with the requirements of the governing
agency (water district, public works department, etc.).
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Pipe zone backfill material (the pipe area from the bedding to 12 inches above the top of pipe)
may consist of native soils screened to a %” maximum particle size or import sand (as described
above for bedding) as dictated by the pipe designer or manufacturer. The pipe zone backfill
material should be placed in maximum 8-inch lifts (loose) and compacted near its optimum
moisture content prior to the placement of subsequent lifts. Pipe zone backfill should be
compacted to a minimum of 90% relative compaction (ASTM D 1557) or to a firm condition as
evaluated by the geotechnical engineer or his representative. Compaction should be assured in
the pipe haunches.

The native soil is suitable for use as trench zone and street zone (and manholes) backfill (from
the top of pipe zone up to finished grade), provided it is free of significant organic or deleterious
matter and oversize materials. This backfill shall contain no particles larger than 3 inches in
greatest dimension. The final backfill material should be placed in maximum 8-inch lifts (loose)
and compacted to at least 90% relative compaction (ASTM D 1557) near its optimum moisture
content for the trench zone and 95% for the street zone (upper 12 inches) where below
pavement. Compaction should be verified by testing.

Backfill materials should be brought up at substantially the same rate on both sides of the pipe
or conduit. Reduction of the lift thickness may be necessary to achieve the above recommended
compaction. Care should be taken to not overstress the piping during compaction operations.
Mechanical compaction is recommended; ponding or jetting is not recommended.

Alternatively, if the utility cannot accommodate the increased stress, or if compaction is difficult,
we recommend the pipe be encased by at least 1 foot of 2-sack cement-sand slurry (at least 1
foot as measured from the top of pipe). Backfill operations should be observed and tested to
monitor compliance with these recommendations.

In general, coarse-grained sand and/or gap graded gravel (i.e. %-inch rock or pea-gravel, etc.)
should not be used for pipe or trench zone backfill due to the potential for soil migration into the
relatively large void spaces present in this type of material and water seepage along trenches
backfilled with coarse-grained sand and/or gravel. Gravel should be separated from backfill with
a filter fabric such as Mirafi 140N or equivalent as approved by the soils engineer. Water seepage
or soil migration will cause settlement of the overlying soils.

Compaction should be verified by testing. Backfill operations should be observed and tested to
monitor compliance with these recommendations. Trench backfill compacted per these
requirements can be expected to settle 0.1 to 0.3 percent of the trench depth. This can cause an
elevation difference between backfilled trenches and the surrounding soil or pavement.
Increased relative compaction can reduce settlement if the potentials presented are not
acceptable. The geotechnical engineer should be consulted on a case-by-case basis to provide
further recommendations to reduce the settlement potential.

STRUCTURES

In our professional opinion, structure foundations can be supported on shallow foundations
bearing on a zone of properly prepared and compacted soils placed as recommended in
Section 5.1. The recommendations that follow are based on “very low” expansion category soils.
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5.4 Foundations

Footing design of widths, depths, and reinforcing are the responsibility of the Structural Engineer,
considering the structural loading and the geotechnical parameters given in this report. A
minimum footing depth of 18 or 24 inches (below lowest adjacent grade) should be maintained
and considers a “very low” Expansion Index soil. Lowest adjacent grade is the lowest grade within
3 feet laterally of the footing edge. A representative of Earth Systems should observe foundation
excavations to verify compaction (minimum 90% per ASTM D 1557) before placement of
reinforcing steel or concrete. Loose soil or construction debris should be removed from footing
excavations before placement of concrete. All footing excavations should be probed for
uniformity. Soft or loose zones should be excavated and recompacted to finish foundation bottom
subgrade. The bottom of all foundations should be tested to confirm compaction effort and
moisture contents as stated in Section 5.1 of this report are met. The moisture contents should
be at least the indicated moisture content 24 hours prior to and immediately prior to placing
concrete for a depth of at least 12 inches below the foundation subgrade. If the moisture
condition is less than indicated, it shall be brought up to or above the indicated moisture content.

Minimum Slope Setback for Foundations: Earth Systems recommends a minimum setback
distance of 5 feet. The 2016 California Building Code provides setback distances for foundations
along slopes. Setback distances are measured differently for foundations located above the slope
and those located below the slope. For foundations located at the top of the slope, the
measurement is taken horizontally from the outside face of the foundation footing to the face of
the slope. For foundations located below the slope, the horizontal distance is measured from the
face of the structure foundation to the toe of the slope. For pools and slopes steeper than
1(H):1(V), please contact Earth System for these setbacks with submittal of detailed information
using plan form. We recommend a structure setback of at least 20 feet from the onsite storm
channel easement, or 30 feet from the edge of pipe or channel, whichever is greater.

Conventional Spread Foundations: Allowable soil bearing pressures are given below for
foundations bearing on recompacted soils as described in Section 5.1 and considered historic
water conditions. Allowable bearing pressures are net (weight of footing and soil surcharge may
be neglected).

» Continuous wall foundations, 1 foot minimum and 2.5 foot maximum width and 18-inch
minimum depth below grade:

1,500 psf for dead plus design live loads

» Pad foundations, 2 x 2-foot minimum and 7 x 7-foot maximum in plan and 24 inches below
grade:

1,850 psf for dead plus design live loads

A one-third (%) increase in the allowable bearing pressure may be used when calculating
resistance to wind or seismic loads.

Retaining wall foundations along the existing slope to the west should be designed as an eccentric
foundation with the foundation located away from the slope to minimize disturbance and
backcuts within the existing slope supporting homes and improvements. Subsurface tanks
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should be designed for the potential high groundwater conditions detailed within which may
require “deadmen” or other means to resist buoyant forces.

If the anticipated loads exceed the estimated values stated in Section 1.1 (90 kips for Isolated
Footings and 5 kip/linear-ft for continuous footings), the geotechnical engineer must reevaluate
the allowable bearing values as the allowable bearing was controlled by the allowable total
differential settlement from dry seismic, collapse, and static loads. Underground utilities should
be designed for an anticipated settlement within the building areas.

The spacing between any large spread footings should be evaluated by the geotechnical engineer
during the plan review stage to confirm or modify the settlement estimates and bearing capacity
due to large footings and the influences from adjacent footings. A preliminary analysis suggests
spacing the footings (adjacent edge to adjacent edge) a lateral distance from one another of the
width of the largest footing from any adjacent footing, such that influence effects are minor.

Maximum foundation sizes given above are based on settlement due to Dead + Live loads.
Transient loads such as earthquake or wind loads are not subject to the stated size limitations;
however, the allowable bearing pressure (including % increase) should be followed considering
the relevant foundation sizes given above.

An average modulus of subgrade reaction, k, of 150 pounds per cubic inch (pci) can be used to
design lightly loaded footings, beams, pavement, and slabs founded upon compacted fill. Other
foundations such as mat slabs, will require the use of differing modulus of subgrade reaction
values than used for lightly loaded slabs. Please contact Earth Systems for k values used for mat
foundations.

The table below is based upon the above presented allowable, short term, and ultimate bearing
pressures. Values may be increased by the provisions given above. Short Term allowable bearing
may use the values presented below (based on Allowable Stress Design) or be based on Code
mandated structural reductions, whichever is less. Ultimate bearing capacities consider a factor
of safety of 3 (ASD design) to control settlement and bearing failure considering high
groundwater (4,500 to 5,550 psf ultimate) and a safety factor of 2.25 on transient loads (2,000
to 2,450 psf). Ultimate bearing to soil failure depends on foundation size and could be greater
than 5,550 psf. The restrictions of Section 1605A.1.1 apply to the cited bearing values for
Allowable Stress Design (ASD).

Table 7
Allowable Bearing Short Term Ultimate Bearing
Capacity (psf) (Wind/Seismic) Capacity
(FS =3) (FS = 2.25) (FS=1)
Continuous Foundations 1,500 2,000 4,500
Isolated Pad Foundations 1,850 2,450 5,550

FS = Factor of Safety

Footings should be designed and reinforced by the structural engineer for the specific loading,
settlement, or collapse soil conditions defined herein.
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Stepped foundations should be designed in accordance with the 2016 CBC. CBC 2016 and ACI
Section 4.3, Table 4.3.1 should be followed for recommended cement type, water cement ratio,
and compressive strength. Seismic Design Category for compressive strength determination is
‘E’. Due to the negligible sulfates in the site soils, normal cements may be and should be
proportioned in accordance with ACI recommendations considering the time of year for
placement. Hot weather proportions should be used during high ambient heat days during
placement and curing.

Expected Settlement: Estimated total static, and collapse settlement should be approximately 1
inch, based on footings founded on firm soils as recommended. Differential static settlement
between similar bearing members should be less than % inch. As such, considering static, and
collapse differential settlement applied over a typical foundation distance of 40 feet, we
recommend the structural engineer design for a standard angular distortion of 1:480. Considering
the static, collapse, and seismic case, we recommend the structural engineer design for 1.7 inches
in 40 feet or an angular distortion of 1:280. Settlement will not result in the complete loss of soil
support, but will be manifested as a tilting of the structure over the applied distance.

Seismic settlements are considered “small scale” as per SP117A and as such, structural solutions
may be used to resist such hazards.

Settlement calculations are presented in Appendix A and collapse results are provided in Section
3.3. The actual settlement of large spread footings should be evaluated by the geotechnical
engineer during the plan review stage based on the actual column loads to confirm or modify the
settlement estimates presented. Due to the generally granular nature of the site soils, a
substantial portion of the total static settlement is expected to occur during construction.

Earthquake Performance Statement: Depending upon the extent of structural and geotechnical
design, some damage due to seismic events will occur. We recommend a standard statement for
purchasers or end users of the property and within title reports that seismic induced damage
may occur. Note that all of southern California in general is in earthquake country. Site
developments in southern California are typically not designed to mitigate anticipated seismic
events without some damage. In fact, the Building Code is intended to provide Life-Safety
performance, not complete damage-free design. In other words, some damage from earthquakes
in the form of structural damage, settlement, cracking, and disruption of utilities is expected and
that repair after an earthquake event will likely be required. It is not the current standard of care
for site developers to fully mitigate all anticipated earthquake induced hazards. It is incumbent
on the developer to advise the end-users of the project of the anticipated hazards in the form of
disclosure statements during the initial and subsequent purchase processes.

According to literature from Robert W. Day, doors and windows may stick at distortion angles
between 1:240 and 1:175. In this situation, a human being could be put in a life-threatening
situation. Therefore, Earth Systems recommends (for shallow foundation design) the maximum
distortion angle using all the settlement conditions including seismic settlements be 1:240. The
estimated angular distortions for this project are better than this threshold.

Minor Deep Foundations: Although no specific elements were identified by the architect, for
miscellaneous structural components such as light poles, gate posts, temporary retaining walls,
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and flag poles, may be supported on cast-in-place piles, or direct embed in drilled holes filled
with concrete, and the design be based on parameters presented in the subsequent sections of
this report. Construction employing poles or posts may utilize design methods presented in
Section 1807A of the CBC for Silty Sand (SM) material class. For designs utilizing allowable
frictional resistance, Earth Systems recommends the use of Section 1810.3.3.1.4 of the CBC. For
piles with an axial load, these design methods apply for piles spaced at least 3 pile diameters
center to center for axial loads as graded in accordance with Section 5.1. Piles spaced closer than
these limits could have soil strength reduction and should be evaluated on a case-by-case basis
by geotechnical engineer.

For piers founded in areas with native soil at the surface, an additional 1.5 feet should be added
to the calculated pile embedment due to the potential effects of long-term surficial disturbance
and erosion. Additionally, where piers are constructed adjacent to the tops of slopes, there
should be a minimum distance between the top of the slope and the closest edge of the pier of
H/3, where ‘H’ is the height of the slope, otherwise a lateral resistance reduction must be applied.
For piers founded closer than a distance H/3 to the crest or within the slope area itself, the
calculated lateral resistance of the soil should be reduced by 30 percent. The above
recommendations have considered slopes no steeper than 2:1 (horizontal:vertical). Steeper
slopes will require additional analysis and may change the recommendations presented.

Drilled piers should have a minimum 3 inches of clearance between the embedded post and the
soil side wall to allow for adequate placement and flow of concrete.

Drill holes may end up oversize. Casing or other means may be required in a drilled hole. Any
"slough" or loose soils at the bottom of the shaft must be removed or tamped prior to setting
rebar cages and placing concrete. Extreme care must be exercised to carefully position
reinforcing steel cages and place concrete without disturbing the sidewalls of the drilled shafts.
We recommend centralizers be used to positively locate rebar cages within the pier shaft. It is
recommended that pier excavations that have not received concrete, not be left open and
concrete should be placed immediately. Caving is a very high concern.

Normally, drilled pier excavations should be made without the use of water. If necessary, water
may be used to facilitate removal of cuttings unless it aggravates caving problems. Added water
that may accumulate at the bottom of the hole should be removed from the drilled hole prior to
placing the concrete. Sidewalls which have softened from the addition of water should be
cleaned of the soft/loose material. Each excavation should be completed in a continuous
operation and the concrete should be placed without undue delay. The contractor should use
appropriate means to clean the bottom of the excavation so that no loose material is present at
the base of the pier. We do not recommend overdrilling beyond specified pier tip elevations to
eliminate the need for bottom cleaning in order to account for slough or loose materials at the
excavation bottom. To reduce the potential for caving and sidewall sloughing which may
contaminate concrete during placement, and segregation, concrete should be placed by tremie
methods and not directly chute-dumped into the hole.

Where casing is used with drilled holes and cannot be withdrawn, the skin friction capacity is
theoretically reduced, as are passive resistance and stiffness. The amount of reduction is subject
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to assessment by the geotechnical consultant. The use of casing with drilled holes should be
approved prior to use by the geotechnical engineer.

If casing is required, it should be withdrawn as the concrete is being placed, maintaining a 3-foot
minimum head of concrete within the casing. This is to prevent reduction in the diameter of the
drilled shaft due to earth pressure on the fresh concrete and to prevent extraneous material from
falling in from the sides and mixing with the concrete. Concrete placement should continue in
this manner until suitable concrete extends to the top of the excavation or forms. The upper
eight feet of the pier should be consolidated by vibratory means.

Pier capacity is greatly dependent on the soil conditions at the location of the pier and upon
contractor means and methods of placement. It is recommended that drilling operations and
concrete placement be performed in the continuous presence of the geotechnical consultant or
his representative to confirm that suitable materials for pier support are penetrated, that the
dimensions of the installed piers meet the design dimensions, and that the installation has been
performed as specified by the 2016 California Building Code. Observation during drilling is
required by the 2016 California Building Code on a full-time basis by the geotechnical engineer
or_his representative. If subsurface conditions noted during drilled pier installation are
significantly different than those encountered in our borings, it may be necessary to adjust the
overall length of the pier.

Prior to the placement of steel, and again prior to and during the placement of concrete, the
excavation must be examined by the geotechnical consultant before proceeding with
construction. The contractor should provide all aid and assistance required by the geotechnical
and geologic consultants for field monitoring of the drilled pier operations.

Piers are accepted or rejected based on visual observation and testing during construction. The
contractor should not allow nor cause any of this work to be permanently enclosed or covered
up until it has been observed, tested, and accepted by the geotechnical engineer and all legally
constituted authorities having jurisdiction.

5.5 Slope Construction

New slopes are not generally proposed for this project; however, minor slopes (less than 5 feet
in height) may be constructed. Modification of the existing 2:1 slope may occur to accommodate
a retaining wall. For remedial grading of the slope, new fills should be benched into firm existing
soils. A backdrain behind the retaining wall is recommended.

Site soils are highly susceptible to erosion. Compacted fill slopes protected against erosion (per
approved methods such as significant planting, facing, or erosion blankets, etc.) should be
constructed at 2:1 (horizontal: vertical) or flatter inclinations. Unprotected slopes with exposed
native soils or compacted fill at the surface should be expected to require repair after heavy
nuisance or storm runoff occurs due to significant erosion. Slope recommendations may change
pending a more in-depth geotechnical evaluation once design plans are developed. Slopes used
as nuisance or storm drainage channel slopes which should be no steeper than 3:1 or protected
with heavy 12” minimum rip-Rap at 2:1 inclination. Site soils are granular and generally free
draining such that “rapid draw down” strength loss will not occur.
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Compacted fill should be placed at near optimum moisture content and compacted to a minimum
90 percent of the maximum dry unit weight, as measured in relation to ASTM D 1557 test
procedures. The exposed face of any cut or fill slope (upper 12 inches) should have a minimum
relative compaction of 90 percent, as measured in relation to ASTM D 1557 test procedures, and
be compacted at near optimum moisture content. Due to the erodible site soils, slope faces
should be protected with facing or densely spaced vegetation to reduce the erosion potential.

Surficial Slope Failures: Site soils are highly susceptible to erosion from wind and water sources.
All slopes will be exposed to weathering, resulting in decomposition of surficial earth materials,
thus potentially reducing shear strength properties of the surficial soils. In addition, these slopes
become increasingly susceptible to rodent burrowing. As these slopes deteriorate, they can be
expected to become susceptible to surficial instability such as soil slumps, erosion, soil creep, and
debris flows. Development areas immediately adjacent to ascending or descending slopes should
address future surficial sloughing of soil material and erosion. Such measures may include debris
fences, slope facing, catchment areas or walls, diversion ditches or berms, soil planting, velocity
reducers or other techniques to contain soil material away from developed areas and reduce
erosion. Additionally, foundations should be set back at least 5 feet from the edge of slope or as
per the 2016 CBC, whichever is greater.

Operation and maintenance inspections should be done after a significant rainfall event and on
a time-based criteria (annually or less) to evaluate distress such as erosion, slope condition,
rodent infestation burrows, etc. Inspections should be recorded and photographs taken to
document current conditions. The repair procedure should outline a plan for fixing and
maintaining surficial slope failures, erosional areas, gullies, animal burrows, etc. Repair methods
could consist of excavating and infilling with compacted soil erosional features, track walking the
slope faces with heavy equipment, as determined by the type and size of repair. These repairs
should be performed in a prompt manner after their occurrence. Slope inclinations should be
maintained and a maintenance program should include identifying areas where slopes begin to
steepen. Where future maintenance is not possible, slopes should be faced to reduce the erosion
and degradation potential.

Slope faces are highly erodible even if compacted and will gradually erode and move down slope
presenting maintenance issues and debris deposited in drainage devices and flatwork areas. The
minimum material necessary to support landscaping should be specified by the landscape
consultant (typically less than 6 inches).

More detailed stability and value engineering analysis of the retaining wall/ascending slope is
recommended once grading plan and retaining wall plans are progressing. Backcut
configurations during construction of the retaining wall will need to be stable to prevent
instability of the adjacent lots at the top of the slope.

5.6 Slabs-on-Grade

Subgrade: Concrete slabs-on-grade and flatwork should be supported by compacted and
moisture conditioned soil placed in accordance with Section 5.1 of this report. The moisture
content below slabs should be at least optimum moisture content 24 hours prior to and
immediately prior to placing concrete for a depth 12 inches. If the moisture condition is less than
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indicated, it shall be brought up to or above the indicated moisture content.

Vapor Retarder: In areas of moisture-sensitive floor coverings, coatings, adhesives,
underlayment, goods or equipment stored in direct contact with the top of the slab, bare slabs,
humidity controlled environments, or climate-controlled cooled environments, an appropriate
vapor retarder that maintains a permeance of 0.01 perms or less after ASTM E1745’s mandatory
conditioning tests should be installed to reduce moisture transmission from the subgrade soil to
the slab. For these areas, a vapor retarder (Stego wrap 15-mil thickness or equal) should underlie
the floor slabs. If a Class A vapor retarder (ASTM E 1745) is specified, the retarder can be placed
directly on non-expansive soil, and be covered with a minimum 2 inches of clean sand.

Clean sand is defined as well or poorly-graded sand (ASTM D 2488) of which less than 5 percent
passes the No. 200 sieve and all the material passes a No. 4 sieve. The site soils do not fulfill the
criteria to be considered clean sand. Alternatively, the slab designer may consider the use of
other vapor retarder systems that are recommended by the American Concrete Institute.

Low-slump concrete should be used to help reduce the potential for concrete shrinkage. The
effectiveness of the membrane is dependent upon its quality, the method of overlapping, its
protection during construction, the successful sealing of the membrane around utility lines, and
sealing the membrane at perimeter terminations and of all penetrations. Capillary breaks, if any,
beneath slabs should consist of a minimum of at least four inches of permeable base material
with the following specified gradation.

Table 8
Percent Passing Sieve Size
Sieve Size Percent Passing
1inch 100
% Inch 90-100
3/8 Inch 40-100
#4 25-40
#8 18-33
#30 5-15
#50 0-7
#200 0-3

Where vapor retarders are placed directly on a gravel capillary break, they should be a minimum
of 15 mil thickness.

Where concrete is placed directly on the vapor retarder “plastic”, proper curing techniques are
essential to minimizing the potential of slab edge curl and shrinkage cracking. The edges of slabs
can curl upward because of differential shrinkage when the top of the slab dries to lower
moisture content than the bottom of the slab. Curling and cracking are caused by the difference
in drying shrinkage between the top and bottom of the slab. Curling and cracking can be
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exacerbated by hot weather, or dry condition concrete placement, even with proper curing
techniques.

The following minimum slab recommendations are intended to address geotechnical concerns
such as potential variations of the subgrade and are not to be construed as superseding any
structural design. A design engineer should be retained to provide building specific systems to
handle subgrade moisture to ensure compliance with SB800 with regards to moisture and
moisture vapor.

Slab Thickness and Reinforcement: Structure slabs should be a minimum of 4 inches in actual
thickness and be reinforced with # 3 bars at 18 inches on center both ways. Slabs in contact with
earth should use closer joints to control cracking or be thickened to allow adequate earth to rebar
clearance. Reinforcing bars should extend at least 40 bar diameters into the footings and slabs.
Concrete slabs-on-grade and flatwork should be supported by compacted and moisture
conditioned soil placed in accordance with this report. If slabs are structural, they should be
designed for the specific settlement conditions presented within.

Slab thickness and reinforcement of slabs-on-grade are contingent on the recommendations of
the structural engineer or architect and the Expansion Index of the supporting soil. Based upon
our findings, a modulus of subgrade reaction of approximately 150 pounds per cubic inch can be
used in concrete lightly loaded (not mat) slab design for the expected compacted subgrade. Mat
slab design will require differing modulus values. ACI Section 4.3, Table 4.3.1 should be followed
for recommended cement type, water cement ratio, and compressive strength.

If heavily loaded flatwork is proposed (forklift drive areas, heavy racking, etc.), the actual
thickness should be designed by the structural engineer utilizing techniques of the American
Concrete Institute (ACI) and may be greater than 4 inches in thickness. Concrete floor slabs may
either be monolithically placed with the foundations or doweled (No. 4 bar embedded at least
40 bar diameters) after footing placement. The thickness and reinforcing given are not intended
to supersede any structural requirements provided by the structural engineer. The project
architect or concrete inspector should continually observe all reinforcing steel in slabs during
placement of concrete to check for proper location within the slab. The minimum concrete rebar
cover should be as per the project architect or structural engineer.

Slab-On-Grade Control Joints: Control joints should be provided in all regular concrete slabs-on-
grade at a maximum spacing of 26 to 36 times the slab thickness (12 feet maximum on-center
each way, 4 to 6 feet for sidewalks) as recommended by American Concrete Institute [ACI]
guidelines. All joints should form approximately square patterns to reduce the potential for
randomly oriented shrinkage cracks. Control joints in the slabs should be tooled at the time of
the concrete placement or saw cut (% of slab depth) as soon as practical but not more than
8 hours from concrete placement.

Construction (cold) joints should consist of thickened butt joints with %-inch dowels at 18 inches
on center embedded per ACI or a thickened keyed-joint to resist vertical deflection at the joint.
All control joints in exterior flatwork should be sealed to reduce the potential of moisture or
foreign material intrusion. These procedures will reduce the potential for randomly oriented
cracks, but may not prevent them from occurring.
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Curing and Quality Control: The contractor should take precautions to reduce the potential of
curling and cracking of slabs in this arid desert region using proper batching, placement, and
curing methods. Curing is highly affected by temperature, wind, and humidity.

Quality control procedures should be used, including trial batch mix designs, batch plant
inspection, and on-site special inspection and testing. Curing should be in accordance with ACI
recommendations contained in ACI 211, 304, 305, 308, 309, and 318. Additionally, the concrete
should be vibrated during placement. Concrete should be wet cured for at least 7 days with
burlap or plastic and not allowed to dry out to minimize surface cracking.

5.7 Retaining Walls and Lateral Earth Pressures

Walls which are restrained at the top such as retaining wall returns, below-grade walls and walls
tied to floor slabs should be designed with “at rest” earth pressures. Retaining walls, free to tilt
at the top, may be designed for “active” earth pressures.

The following list presents lateral earth pressures for use in wall design. The values are given as
equivalent fluid pressures without surcharge loads or hydrostatic pressure. Clay soils are not
suitable for wall backfill as they are not free draining. Native sand material may be used for
backfill or free draining material imported as wall backfill. For native or import free draining
material, active and restrained walls equivalent fluid pressures are as follows:

e Conventional cantilever retaining walls may be backfilled with compacted on-site soils
verified by the contractor to be “very low” in expansion potential. Provided the wall is
backfilled at a 1:1 projection upward from the heels of the wall footings with onsite sand,
an active pressure of 42 pcf of equivalent fluid weight for well-drained, level backfill may
be used. Similarly, an active pressure of 52 pcf of equivalent fluid weight may be used for
well-drained backfill sloping at 2H:1V (horizontal to vertical). For the restrained level
backfill condition, a pressure of 64 pcf of equivalent fluid weight should be used.

e In addition to the active or at rest soil pressure, the proposed wall structures should be
designed (where not excepted) to include forces from dynamic (seismic) earth pressure.
Dynamic pressures are additive to active and at-rest earth pressure and should be
considered as 63 pcf for flexible walls, and 80 pcf for rigid walls. Seismic pressures are
based on PGAy of 0.91g, Friction Soil Angle of 31°, and a maximum dry density of 133 pcf.

e Retaining wall foundations should be placed upon compacted fill described in Section 5.1.

e A backdrain or an equivalent system of backfill drainage should be incorporated into the
wall design, whereby the collected water is conveyed to an approved point of discharge.
Design should be in accordance with the 2016 California Building Code. Drain rock should
be wrapped in filter fabric such as Mirafi 140N as a minimum and should have a volume
of 1 cubic foot per foot of length. Backfill immediately behind the retaining structure
should be a free-draining granular material. Waterproofing should be according to the
designer’s specifications. Water should not be allowed to pond or infiltrate near the top
of the wall. To accomplish this, the final backfill grade should divert water away from
retaining walls.
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Compaction on the retained side of the wall within a horizontal distance equal to one wall
height (to a maximum of 6 feet) should be performed by hand-operated or other
lightweight compaction equipment (90% compaction relative to ASTM D 1557 at near
optimum moisture content). This is intended to reduce potential locked-in lateral
pressures caused by compaction with heavy grading equipment or dislodging modular
block type walls.

The above recommended values do not include compaction or truck-induced wall
pressures. Care must be taken during the compaction operation not to overstress the
wall. Heavy construction equipment should be maintained a distance of at least 3 feet
away from the walls while the backfill soils are placed. Upward sloping backfill or
surcharge loads from nearby footings can create larger lateral pressures. Should any walls
be considered for retaining sloped backfill or placed next to foundations, our office should
be contacted for recommended design parameters. Surcharge loads should be
considered if they exist within a zone between the face of the wall and a plane projected
45 degrees upward from the base of the wall. The increase in lateral earth pressure
should be taken as 50% of the surcharge load within this zone. Retaining walls subjected
to traffic loads should include a minimum uniform surcharge load equivalent of 240 psf
for auto and 450 psf for truck traffic kept back at least 3 feet from the wall back edge.
Retaining walls should be designed with a minimum factor of safety of 1.5.

Frictional and Lateral Coefficients:

Resistance to lateral loads (including those due to wind or seismic forces) may be provided
by frictional resistance between the bottom of concrete foundations and the underlying
soil, and by passive soil pressure against the foundations. An allowable coefficient of
friction of 0.35 may be used between cast-in-place concrete foundations and slabs and
the underlying soil. An allowable coefficient of friction of 0.30 may be used between pre-
cast or formed concrete foundations and slabs and the underlying soil

Allowable passive pressure may be taken as equivalent to the pressure exerted by a fluid
weighing 350 pounds per cubic foot (pcf). The upper 1 foot of soil should not be
considered when calculating passive pressure unless confined by overlying asphalt
concrete pavement or Portland cement concrete slab. The soils pressures presented have
considered onsite fill soils. Testing or observation should be performed during grading by
the soils engineer or his representative to confirm or revise the presented values.

Passive resistance for thrust blocks bearing against firm natural soil or properly
compacted backfill can be calculated using an equivalent fluid pressure of 350 pcf. The
maximum passive resistance should not exceed 2,000 psf.

Construction employing poles or posts (i.e. lamp posts) may utilize design methods
presented in Section 1807.3 of the CBC for Sandy soils (SM) material class.

The passive resistance of the subsurface soils will diminish or be non-existent if trench
sidewalls slough, cave, or are over widened during or following excavations. If this
condition is encountered, our firm should be notified to review the condition and provide
remedial recommendations, if warranted.
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5.8 Seismic Design Criteria

This site is subject to strong ground shaking due to potential fault movements along regional
faults including the San Andreas fault zone. Engineered design and earthquake-resistant
construction increase safety and allow development of seismic areas. The minimum seismic
design should comply with the 2016 edition of the California Building Code and ASCE 7-10 using
the seismic coefficients given in the table below. General Procedure seismic parameters are
presented below per ASCE7-10 exception, considering a Site Class D (based on Vs shear wave
velocity) for structures not greater than 0.5 seconds in period. For foundations described within,
site soils are not subject to bearing failure.

2016 CBC (ASCE 7-10) Seismic Parameters

Seismic Design Category: E

Site Class: D (F*)
Maximum Considered Earthquake [MCE] Ground Motion
Short Period Spectral Response Ss: 2.288¢g
1 second Spectral Response, Si: 0921¢g
Code Design Earthquake Ground Motion

Short Period Spectral Response, Sps 1.525¢g
1 second Spectral Response, Sp1 0921¢g
Peak Ground Acceleration (PGAwm) 091g

*Site is potentially liquefiable and for structures greater than 0.5 seconds in period, Site Class is F applies and the
above values do not apply. For Site Class F, site specific evaluation is required. Please contact Earth Systems should

this case apply.

The intent of the CBC lateral force requirements is to provide a structural design that will resist
collapse to provide reasonable life safety from a major earthquake but may experience some
structural and nonstructural damage. A fundamental tenet of seismic design is that inelastic
yielding is allowed to adapt to the seismic demand on the structure. In other words, damage is
allowed. The CBC lateral force requirements should be considered a minimum design. The owner
and the designer may evaluate the level of risk and performance that is acceptable. Performance
based criteria could be set in the design. The design engineer should exercise special care so that
all components of the design are fully met with attention to providing a continuous load path.
An adequate quality assurance and control program is urged during project construction to verify
that the design plans and good construction practices are followed. This is especially important
for sites lying close to the major seismic sources.

Estimated peak horizontal site accelerations are based upon a probabilistic analysis (2 percent
probability of occurrence in 50 years) is approximately 0.9 g for a stiff soil site. Actual
accelerations may be more or less than estimated. Vertical accelerations are typically % to % of
the horizontal accelerations, but can equal or exceed the horizontal accelerations, depending
upon the local site effects and amplification.
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5.9 Driveways and Parking Areas

Pavement structural sections for associated drive areas including recommendations for standard
asphalt concrete, and Portland cement concrete are provided below and are based upon on-site
soils as described in Section 5.1. Soils differing from those described will require differing
pavement sections. The appropriate pavement section depends primarily on the shear strength
of the subgrade soil exposed after grading in the near finished subgrade elevation and the
anticipated traffic over the useful life of the pavement. R-value testing or observation of
subgrade soils should be performed of near finished subgrade elevation soils to verify and/or
modify the preliminary pavement sections presented within this report.

Pavement Area Preparation: In street, drive, and parking areas, the exposed subgrade should be
overexcavated as recommended in Section 5.1, moisture conditioned, and compacted.
Compaction should be verified by testing. Aggregate base should be compacted to a minimum
95% relative compaction (ASTM D 1557).

Automobile Traffic and Parking Areas: Pavement sections presented in the following table for
automobile type traffic areas and are based on a tested R-value and current Caltrans design
procedures. Traffic Indices (TI) of 5 and 7 were used to facilitate the design of asphalt concrete
pavements for parking and main drives, including fire lanes. The fire lane calculation assumed a
conservative traffic flow of one fire truck per day entering and exiting the site on the same path
(20 year life cycle), and a maximum loading of an 80,000 |b Tandem Axle apparatus (approximate
20,000 Ib front axle load and two 30,000 Ib rear axles loads) which is based upon the Emergency
Vehicle Size and Weight Regulation Guideline, dated November 22, 2011, prepared by the Fire
Apparatus Manufacturers’ Association.

Based on the above stated traffic pattern and apparatus loads, a Traffic Index of 4.6 is calculated
for fire lanes. For comparison, a 40 year fire lane life cycle analysis results in a Traffic Index of 5.
The TI's assumed below should be reviewed by the project Civil Engineer to evaluate the
suitability for this project. All design should be based upon an appropriately selected traffic
index. Changes in the traffic indices will affect the corresponding pavement section.
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Preliminary Flexible Pavement Section Recommendations
On-site/Interior Automobile Drive Areas

R-Value of Subgrade Soils - 52 (Tested)

Design Method — CALTRANS

Flexible Pavements**
Traffic Asphaltic Aggregate
Index Pavement Use Concrete Base
(Assumed)* Thickness Thickness
(inches) (inches)
Parking Areas & Fire
> Lanes*** 3 4
7 Main Drive Areas 4 4

*The presented Traffic Indices should be confirmed by the project civil engineer. Changes to the Traffic Index will
result in a differing pavement section required.

**pavement Sections were calculated using Caltrans software CalFP Version 1.5.

***Where fire lanes will be a part of a main drive use with other traffic, busses, or trucks, the Main Drive Area
pavement section should be used.

Conventional, rigid pavements, i.e. Portland cement concrete (PCC) pavements, are
recommended in areas that will be subject to relatively high static wheel loads and/or heavy
vehicle loading and unloading and turning areas (i.e. truck/bus lanes). This is due to rutting and
shoving that can occur due to the heavy vehicle loads and the repetitious set path which is
followed at the bus/delivery trucks areas where the same wheel track and stopping occurs
generally in the same spot each time. The vehicle load combined with hot summer asphalt (AC)
concrete causes the upper surface of the AC to creep forming ruts in conjunction with the braking
and accelerating forces which shove the AC. Turning forces also do the same.

The pavement section below is based upon the American Concrete Institute (ACl) Guide for
Construction of Concrete Parking Lots, ACI 330R, and the assumptions outlined below.

Table 10
Preliminary Portland Cement Concrete Pavement Sections
Minimum Minimum 28 Concrete
Area Pavement PCC Day Flexural Compressive

Thickness Strength Strength

(inches) (psi) (psi)

Truck/Bus Access or
Loading/Unloading Areas 6.5 575 3,250
(Traffic Category C, ADTT =100)

Should the actual traffic category vary from those assumed and listed above, these sections
should be modified. All above recommended preliminary pavement sections are contingent on
the following recommendations being implemented during construction:
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e Pavement should be placed upon compacted fill processed as described in Section 5.1. The
upper 12 inches of subgrade soils beneath the asphalt concrete and conventional PCC
pavement section should be compacted to a minimum of 95% relative compaction
(ASTM D 1557).

e Subsequent to utility installation, the entire pavement (including PCC) final subgrade should
be scarified 12 inches, moisture conditioned to near optimum moisture content, and
compacted to a minimum 95% relative compaction immediately prior (within a few days) to
the placement and compaction of aggregate base to re-establish proper moisture content
and compaction in site soils.

e Subgrade soils and aggregate base should be in a stable, non-pumping condition at the time
of placement and compaction. Exposed subgrades should be proof-rolled to verify the
absence of soft or unstable zones.

e Aggregate base materials should be compacted at near optimum moisture content to at least
95 percent relative compaction (ASTM D 1557) and should conform to Caltrans Class Il
criteria. Standard Specifications for Public Works Construction “Greenbook” standards
(Crushed Aggregate Base class) may be used in lieu of Caltrans. Compaction efforts should
include rubber tire proof-rolling of the aggregate base with heavy compaction-specific
equipment (i.e. fully loaded water trucks).

e All concrete curbs separating pavement from landscaped areas should extend at least 6
inches into the subgrade soils to reduce the potential for movement of moisture into the
aggregate base layer (this reduces the risk of pavement failures due to subsurface water
originating from landscaped areas).

e Asphaltic concrete should be %-in. or %-in. grading and compacted to a minimum of 95% of
the 75-blow Marshall density (ASTM D 1559) or equivalent.

e Portland cement concrete pavements should be constructed with transverse joints at
maximum spacing of 15 feet. A thickened edge should be used where possible and, as a
minimum, where concrete pavements abut asphalt pavements. The thickened edge should
be 1.2 times the thickness of the pavement (8 inches for a 6.5-inch pavement), and should
taper back to the PCC thickness over a horizontal distance on the order of 3 feet.

e Alllongitudinal or transverse control joints should be constructed by hand forming or placing
pre-molded filler such as "zip strips." Expansion joints should be used to isolate fixed objects
abutting or within the pavement area.

The expansion joint should extend the full depth of the PCC pavement. Joints should run
continuously and extend through integral curbs and thickened edges. We recommend that
joint layout be adjusted to coincide with the corners of objects and structures. In addition,
the following is recommended for concrete pavements:

1. Slope pavement at least ¥ percent to provide drainage;
2. Provide rough surface texture for traction;
3. Cure PCC concrete with curing compound or keep continuously moist for a

minimum of seven days;
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4. Keep all traffic off concrete until PCC compressive strength exceeds 2,000 pounds
per square inch (truck traffic should be limited until the concrete meets the design
strength (3,250 psi); and

5. Consideration should be given to having PCC construction joints keyed or using
slip dowels on 24-inch centers to strengthen control and construction joints.
Dowels placed within dowel baskets should be incorporated into the concrete at
each saw-cut control joint (i.e. dowel baskets and dowels are set in place prior to
placement of concrete).

e Portland cement concrete placement and curing should, at a minimum, be in accordance with
the American Concrete Institute [ACI] recommendations contained in ACI 211, 304, 305, 308,
309, and 318.

e Within the structural pavement section areas, positive drainage (both surface and
subsurface) should be provided. In no instance should water be allowed to pond on the
pavement. Roadway performance depends greatly on how well runoff water drains from the
site. This drainage should be maintained both during construction and over the entire life of
the project.

e Proper methods, such as hot-sealing or caulking, should be employed to limit water
infiltration into the pavement base course and/or subgrade at construction/expansion joints
and/or between existing and reconstructed asphalt concrete sections (if any). Water
infiltration could lead to premature pavement failure.

e To reduce the potential for detrimental settlement, excess soil material, and/or fill material
removed during any footing or utility trench excavation, should not be spread or placed over
compacted finished grade soils unless subsequently compacted to at least 90% of the
maximum dry unit weight, as evaluated by ASTM D 1557 test procedure, at near optimum
moisture content, or 95% if placed under areas designated for pavement.

e Where new roadways will be installed against existing roadways, the repaired asphalt
concrete pavement section should be designed and constructed to have at least the
pavement and aggregate base section as the original pavement section thickness (for both
AC and base) or upon the newly calculated pavement sections presented within, whichever
is greater.

e Pavement designs assume that heavy construction traffic will not be allowed on base cap or
finished pavement sections.

5.10 Surface and Subsurface Site Drainage and Maintenance

Positive drainage should be maintained away from the structures (5 percent for 10 feet
minimum) to prevent ponding and subsequent saturation of the foundation soils. Gutters and
downspouts in conjunction with a 1 to 2% hardscape grade can be considered as a means to
convey water away from foundations if increased fall is not provided. Drainage should be
maintained for paved areas. Water should not pond on or near paved areas or foundations.
Ponded water can saturate subgrade soils and lead to pavement failure. The following
recommendations are provided in regard to site drainage and structure performance:
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e Water control and conveyance is a critical aspect of project design. It is highly recommended
that landscape irrigation or other sources of water be collected and conducted to an
approved drainage device. Landscaping grades should be lowered and sloped such that water
drains to appropriate collection and disposal areas. All runoff water should be controlled,
collected, and drained into proper drain outlets. Control methods may include curbing,
ribbon gutters, 'V' ditches, or other suitable containment and redirection devices.

e |tis highly recommended that landscape irrigation or other sources of water be collected and
conducted to an approved drainage device. Site drainage should be devised such that runoff
should be directed away from the tops of all graded slopes. Water should not freely flow
over slopes or retaining wall faces. Diversion and conveyance structures which can
accommodate water and eroded soil should be constructed at the tops and toes of all slopes.
Lined swales at the top and bottom of slopes, and at the top of retaining walls are
recommended.

e In no instance should water be allowed to flow or pond against structures, slabs or
foundations or flow over unprotected slope faces. Adequate provisions should be employed
to control and limit moisture changes in the subgrade beneath foundations or structures to
reduce the potential for soil saturation. Landscape borders should not act as traps for water
within landscape areas. Potential sources of water such as piping, drains, over-spray broken
sprinklers, etc, should be frequently examined. Any such leakage, over-spray, or plugging
should be immediately repaired.

e Maintenance of drainage systems and infiltration structures can be the most critical element
in determining the success of a design. They must be protected and maintained from
sediment-laden water both during and after construction to prevent clogging of the surficial
soils any filter medium. The potential for clogging can be reduced by pre-treating structure
inflow through the installation of maintainable forebays, biofilters, or sedimentation
chambers. In addition, sediment, leaves, and debris must be removed from inlets and traps
on a regular basis. Since these and other factors (such as varying soil conditions) may affect
the rate of water infiltration, it is imperative to apply a conservative factor of safety [FOS] to
unfactored Basic Percolation/Infiltration Rates to provide a reliable basis for design. In order
to account not only for the unknown factors above but also for changes of conditions during
the use of the structures such as potential clogging effects due to washing in of soil fines, a
FOS between 3 and 10 should be applied to lower infiltration rates.

e The factor of safety should be selected by the project drainage engineer and may be
dependent on agency guidelines and the presence of testing, filters, and sedimentation
structures. If these measures are provided, the factor of safety can be reduced.

e The drainage pattern should be established at the time of final grading and maintained
throughout the life of the project. Additionally, drainage structures should be maintained
(including the de-clogging of piping, basin bottom scarification, soil crust removal, etc.)
throughout their design life. Maintenance of these structures should be incorporated into the
facility operation and maintenance manual. Structural performance is dependent on many
drainage-related factors such as landscaping, irrigation, lateral drainage patterns and other
improvements.
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Section 6
LIMITATIONS AND ADDITIONAL SERVICES

6.1 Uniformity of Conditions and Limitations

Our findings and recommendations in this report are based on selected points of field
exploration, laboratory testing, and our understanding of the proposed project. Furthermore,
our findings and recommendations are based on the assumption that soil conditions do not vary
significantly from those found at specific exploratory locations. Variations in soil or groundwater
conditions could exist between and beyond the exploration points. The nature and extent of
these variations may not become evident until construction. Variations in soil or groundwater
may require additional studies, consultation, and possible revisions to our recommendations.

The planning and construction process is an integral design component with respect to the
geotechnical aspects of this project. Because geotechnical engineering is an inexact science due
to the variability of natural processes and because we sample only a small portion of the soil and
material affecting the performance of the proposed structure, unanticipated or changed
conditions can be disclosed during demolition and construction. Proper geotechnical observation
and testing during construction is imperative to allow the geotechnical engineer the opportunity
to verify assumptions made during the design process and to verify that our geotechnical
recommendations have been properly interpreted and implemented during construction.
Therefore, we recommend that Earth Systems be retained during the construction of the
proposed improvements to observe compliance with the design concepts and geotechnical
recommendations, and to allow design changes in the event that subsurface conditions or
methods of construction differ from those assumed while completing this study. If we are not
accorded the privilege of performing this review, we can assume no responsibility for
misinterpretation or the applicability of our recommendations. The above services can be
provided in accordance with our current Fee Schedule.

Our evaluation of subsurface conditions at the site has considered subgrade soil and groundwater
conditions present at the time of our study. The influence(s) of post-construction changes to
these conditions such as introduction or removal of water into or from the subsurface will likely
influence future performance of the proposed project. It should be recognized that definition
and evaluation of subsurface conditions are difficult. Judgments leading to conclusions and
recommendations are generally made with incomplete knowledge of the subsurface conditions
due to the limitation of data from field studies. The availability and broadening of knowledge and
professional standards applicable to engineering services are continually evolving. As such, our
services are intended to provide the Client with a source of professional advice, opinions and
recommendations based on the information available as applicable to the project location and
scope. If the scope of the proposed construction changes from that described in this report, the
conclusions and recommendations contained in this report are not considered valid unless the
changes are reviewed, and the conclusions of this report are modified or approved in writing by
Earth Systems.

Findings of this report are valid as of the issued date of the report. However, changes in
conditions of a property can occur with passage of time, whether they are from natural processes
or works of man, on this or adjoining properties. In addition, changes in applicable standards
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occur, whether they result from legislation or broadening of knowledge. Accordingly, findings of
this report may be invalidated wholly or partially by changes outside our control. Therefore, this
report is subject to review and should not be relied upon after a period of one year.

This report is issued with the understanding that the owner or the owner’s representative has
the responsibility to bring the information and recommendations contained herein to the
attention of the architect and engineers for the project so that they are incorporated into the
plans and specifications for the project. The owner or the owner’s representative also has the
responsibility to verify that the general contractor and all subcontractors follow such
recommendations. It is further understood that the owner or the owner’s representative is
responsible for submittal of this report to the appropriate governing agencies.

Earth Systems has striven to provide our services in accordance with generally accepted
geotechnical engineering practices in this locality at this time. No warranty or guarantee, express
or implied, is made. This report was prepared for the exclusive use of the Client and the Client’s
authorized agents.

Earth Systems should be provided the opportunity for a general review of final design and
specifications in order that earthwork and foundation recommendations may be properly
interpreted and implemented in the design and specifications. If Earth Systems is not accorded
the privilege of making this recommended review, we can assume no responsibility for
misinterpretation of our recommendations. The owner or the owner’s representative has the
responsibility to provide the final plans requiring review to Earth Systems’ attention so that we
may perform our review.

Any party other than the client who wishes to use this report shall notify Earth Systems of such
intended use. Based on the intended use of the report, Earth Systems may require that additional
work be performed and that an updated report be issued. Non-compliance with any of these
requirements by the client or anyone else will release Earth Systems from any liability resulting
from the use of this report by any unauthorized party.

In addition, if there are any changes in the field to the plans and specifications, the Client must
obtain written approval from Earth Systems’ engineer that such changes do not affect our
recommendations. Failure to do so will vitiate Earth Systems’ recommendations.

Although available through Earth Systems, the current scope of our services does not include an
environmental assessment or an investigation for the presence or absence of wetlands,
hazardous or toxic materials in the soil, surface water, groundwater, or air on, below, or adjacent
to the subject property.

6.2 Additional Services

This report is based on the assumption that an adequate program of client consultation,
construction monitoring, and testing will be performed during the final design and construction
phases to check compliance with these recommendations. Maintaining Earth Systems as the
geotechnical consultant from beginning to end of the project will provide continuity of services.
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The geotechnical engineering firm providing tests and observations shall assume the
responsibility of Geotechnical Engineer of Record.

Construction monitoring and testing would be additional services provided by our firm. The costs
of these services are not included in our present fee arrangements, but can be obtained from our
office. The recommended review, tests, and observations include, but are not necessarily limited
to, the following:

e Consultation during the final design stages of the project;

e Areview of the building and grading plans to observe that recommendations of our report
have been properly implemented into the design;

e Observation and testing during site preparation, grading, and placement of engineered
fill as required by CBC Sections 17 and Appendix J or local grading ordinances;

e Consultation as needed during construction.

-000-
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Other Aerial Photographs:

Google Earth: 1994-2018

Historic Aerials: 1938-2014
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APPENDIX A

Plate 1 — Site Vicinity Map
Plate 2 — Exploration Location Sketch
Plate 3 — Regional Geology Map
Plate 4 — Regional Fault Map
Table A-1 Fault Parameters
Terms and Symbols Used on Boring Logs
Soil Classification System
Logs of Borings (14 pages)
Test Pit Logs (4 pages)
Fault Trench Logs (5 pages)
Site Class Estimator (2 pages)
Seismic Settlement (6 pages)
Spread Footing Static Load Settlement (2 pages)
Continuous Footing Static Load Settlement (2 pages)
Slope Stability Output (5 pages)
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Bamiyan Market Place

302169-002

Table A-1
Fault Parameters

Avg Avg Avg Trace Mean

Dip Dip Rake Length Fault Mean Return  Slip
Fault Section Name Distance  Angle Direction Type Mag Interval Rate

(miles) (km) (deg.) (deg.) (deg.) (km) (years) (mm/yr)

Elsinore (Temecula stepover) 0.2 0.4 90 212 180 12 A 7.6 725 2.5
Elsinore (Stepovers Combined) 1.6 26 90 224 180 12 B' 6.3
Elsinore (Glen Ivy stepover) 1.7 2.7 90 216 180 11 A 7.1 322 2.5
Elsinore (Glen Ivy) rev 1.8 30 90 218 180 26 A 7.0 222 5
Elsinore (Temecula) rev 6.5 105 90 230 180 40 A 7.4 431 5
Chino, alt 2 156 252 65 234 150 29 B 6.7 1
Whittier, alt 1 169 27.1 70 24 150 46 A 7.1 530 2.5
Whittier, alt 2 169 27.1 75 24 150 46 A 7.1 530 2.5
San Joaquin Hills 17.5 281 23 204 90 27 B 7.0 0.5
Chino, alt 1 183 294 50 236 150 24 B 6.6 1
San Jacinto (Anza, stepover) 223 359 90 224 180 25 A 7.6 151 9
San Jacinto (San Jacinto Valley, stepover) 237 382 90 224 180 24 A 7.4 199 9
San Jacinto (Stepovers Combined) 23.7 382 90 229 180 25 B' 6.7
San Jacinto (San Jacinto Valley) rev 241 388 90 223 180 18 A 7.4 199 18
Peralta Hills 242 389 50 3 na 14 B' 6.5
Newport-Inglewood (Offshore) 25.1 404 90 227 180 66 B 6.9 1.5
Fontana (Seismicity) 255 41.0 80 313 na 24 B' 6.7
San Jacinto (San Bernardino) 26.0 419 90 225 180 45 A 7.4 205 6
Yorba Linda 27.1  43.6 90 153 na 18 B' 6.5
San Jacinto (Anza) rev 272 438 90 216 180 46 A 7.6 151 18
Oceanside 274 440 23 69 na 120 B' 7.5
Richfield 283 455 28 353 na 6 B' 6.2
San Gorgonio Pass 28.8 463 60 11 na 29 B' 6.9
Elsinore (Julian) 306 493 84 36 180 75 A 7.6 725 3
Newport-Inglewood, alt 2 31.6  50.8 90 49 180 66 B 7.2 1
Newport-Inglewood, alt 1 32.1 516 88 49 180 65 B 72 1
Puente Hills (Coyote Hills) 325 523 26 358 90 17 B 6.8 0.7
Anaheim 335 540 71 45 na 16 B' 6.3
Puente Hills 33.6 540 25 20 90 44 B 7.1 0.7
San Andreas (San Bernardino S) 349 561 90 210 180 43 A 7.6 150 16
San Andreas (San Bernardino N) 35.1 564 90 212 180 35 A 7.5 103 22
San Andreas, (North Branch, Mill Creek) 351 564 76 204 180 106 A 7.5 110 17
Elysian Park (Lower, CFM) 354 569 22 33 na 41 B’ 6.8
Cucamonga 355 572 45 347 90 28 B 6.6 5
San Jose 356 573 74 334 30 20 B 6.6 0.5
Earthquake Valley (No Extension) 36.1 581 90 221 180 33 B' 6.9
Rose Canyon 37.1 598 90 68 180 70 B 6.8 1.5
Mission Creek 374 602 65 5 180 31 B' 6.9
Sierra Madre 381 614 53 19 90 57 B 7.2 2
San Andreas (San Gorgonio Pass-Garnet HIII) 389 626 S8 20 180 56 A 7.6 219 10

Reference: USGS OFR 2007-1437 (CGS SP 203)

moment area relationship.

Based on Site Coordinates of 33.659065 Latitude, -117.379207 Longitude

Mean Magnitude for Type A Faults based on 0.1 weight for unsegmented section, 0.9 weight for segmented model (weighted by probability of each
scenario with section listed as given on Table 3 of Appendix G in OFR 2007-1437). Mean magntude is average of Ellworths-B and Hanks & Bakun



DESCRIPTIVE SOIL CLASSIFICATION

Soil classification is based on ASTM Designations D 2487 and D 2488 (Unified Soil Classification System). Information on each boring
log is a compilation of subsurface conditions obtained from the field as well as from laboratory testing of selected samples. The
indicated boundaries between strata on the boring logs are approximate only and may be transitional.

SOIL GRAIN SIZE
U.S. STANDARD SIEVE
12” 3 4 10 40 200
GRAVEL SAND .
BOULDERS) ' COBBLES |eramsET — FINE | COARSE] MEDIUM] — FINE SiLy s CLAY
305 76.2 19.1 4.76 2.00  0.42 0.074 0.002

SOIL GRAIN SIZE IN MILLIMETERS
RELATIVE DENSITY OF GRANULAR SOILS (GRAVELS, SANDS, AND NON-PLASTIC SILTS)

Very Loose *N=0-4 RD=0-30 Easily push a 1/2-inch reinforcing rod by hand

Loose N=5-10 RD=30-50 Push a 1/2-inch reinforcing rod by hand

Medium Dense N=11-30 RD=50-70 Easily drive a 1/2-inch reinforcing rod with hammer

Dense N=31-50 RD=70-90 Drive a 1/2-inch reinforcing rod 1 foot with difficulty by a hammer
Very Dense N>50 RD=90-100 Drive a 1/2-inch reinforcing rod a few inches with hammer

*N=Blows per foot in the Standard Penetration Test at 60% theoretical energy. For the 3-inch diameter Modified California
sampler,140-pound weight, muitiply the blow count by 0.63 (about 2/3) to estimate N. If automatic hammer is used, multiply
a factor of 1.3 to 1.5 to estimate N. RD=Relative Density (%). C=Undrained shear strength (cohesion).

CONSISTENCY OF COHESIVE SOILS (CLAY OR CLAYEY SOILS)

Very Soft *N=0-1 *C=0-250 psf Squeezes between fingers
Soft N=24 C=250-500 psf Easily molded by finger pressure
Medium Stiff N=5-8 C=500-1000 psf Molded by strong finger pressure
Stiff N=9-15 C=1000-2000 psf Dented by strong finger pressure
Very Stiff N=16-30 C=2000-4000 psf Dented slightly by finger pressure
Hard N>30 C>4000 Dented slightly by a pencil point or thumbnail
MOISTURE DENSITY
Moisture Condition:  An observational term; dry, damp, moist, wet, saturated.
Moisture Content: The weight of water in a sample divided by the weight of dry soil in the soil sample
expressed as a percentage.
Dry Density: The pounds of dry soil in a cubic foot.

MOISTURE CONDITION RELATIVE PROPORTIONS
Do Absence of moisture, dusty, dry to the touch Trace.....cccu.us minor amount (<5%)
Damp.....ccoeveesne Slight indication of moisture with/some......significant amount
Moist..........ccc.... Color change with short period of air exposure (granular soil) modifier/and...sufficient amount to

Below optimum moisture content (cohesive soil) influence material behavior
Wet....................High degree of saturation by visual and touch (granular soil) (Typically >30%)
Above optimum moisture content (cohesive soil)
Saturated.......... Free surface water
LOG KEY SYMBOLS
PLASTICITY I Bulk, Bag or Grab Sample
DESCRIPTION FIELD TEST
Nonplastic A 1/8 in. (3-mm) thread cannot be rolled Standard Penetration
at any moisture content. I] Split Spoon Sampler
Low The thread can barely be rolled. (2" outside diameter)
Medium The thread is easy to roll and not much : PR
time is required to reach the plastic limit. Mgdlﬁed Califonia Sampler
4 (3” outside diameter)
High The thread can be rerolled several times
after reaching the plastic limit.
u No Recovery
GROUNDWATER LEVEL

! Water Level (measured or after drilling) -
5 Terms and Symbols Used on Boring Logs

v Water Level (during drilling)

@ Earth Systems
~  Southwest




GRAPHIC |LETTER
MAJOR DIVISIONS SYMBOL |symeoL| TYPICAL DESCRIPTIONS
X !:'.'.'.'.'.':'."-'.';::' Well-graded gravels, gravel-sand
GW mixtures, little or no fines
CLEAN
GRAVELS
GRAVEL AND GP Poorly-graded gravels, gravel-sand
GRAVELLY mixtures. Little or no fines
SOILS
j|.; I GM Silty gravels, gravel-sand-silt
coARsE Mor‘ than 5006 Of GRAVELS ’I:;I L LHL] mix{ur.s
GRAINED SOILS | coarse fraction WITH FINES
retained on No. 4 Clayey gravels, gravel-sand-clay
sieve . GC mixtures
SW Well-graded sands, gravelly sands|
SAND AND CLEAN SAND little or no fines
SANDY SOILS | (Little or no fines)
SP Poorly-graded sands, gravelly
More than 50% of sands, little or no fines
material is larger
than No. 200
sieve size SM Silty sands, sand-silt mixtures
ISAND WITH FINE
More than 50% of (appreciable P
coarse fraction amount of fines) ¢
passing No. 4 sieve / SC Clayey sands, sand-clay mixtures)
Inorganic silts and very fine sands,
ML rock flour, silty low clayey fine sands
or clayey silts with slight plasticity
Inorganic clays of low to medium
FINE-GRAINED L'-Elgg I':'JHLAmngo CL plasticity, gravelly clays, sandy
SOILS S clays, silty clays, lean clays
oL Organic silts and organic silty
clays of low plasticity
SILTS AND
CLAYS Inorganic silty, micaceous, or
MH diatomaceous fine sand or
silty soils
More than 50% of
material is smaller LIQUID LIMIT CH Inorganic clays of high plasticity,
than No. 200 GREATER fat clays
sieve size THAN 50
OH Organic clays of medium to high
plasticity, organic silts
Peat, humus, s ils with
HIGHLY ORGANIC SOILS Py PT hiegah'or;a:ic c:,:ﬁﬂ:o b
AS SIS I IIY I
VARIOUS SOILS AND MAN MADE MATERIALS Fill Materials
MAN MADE MATERIALS Asphalt and concrete

Soil Classification System

@ Earth Systems
=’ Southwest




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-1
Project Name: Bamiyan Marketplace
Project Number 302169-002

Boring Location: See Plate 2, Approximate Elevaton 1,313 feet (MSL)

Drilling Date: December 4, 2018

Drill Type: 6" HSA
Logged By: D. Hamelehle

Drilling Method: Mobile B-61 w/autohammer

~ | Sample 2 o o ge . Page 1 of 1
= | Type |penetration| _ R Description of Units g
~ o« ) ol 2= . N
< = | Resist ) Q SRARZEs, Note: The stratification lines shown represent the
& | — Z esistance i % @,3 EO % approximate boundary between soil and/or rock types Graphic Trend
) g e % (Blows/6™) | »1 a 0 and the transition may be gradational. Blow Count Dry Density

L SILTY SAND: brown, medium dense, slightly moist,

L fine to coarse grained sand, trace pinholes, Alluvium

- . 7,88 1 |5

— 5

i . 445 112 6 loose

B . 5,7,10 111 4 SILTY SAND: brown, medium dense, damp, fine to

B 10 medium grained sand

B . 57,9 12 |4

o . 57,13 10 |7 slightly moist

B 15 . 77,11 114 |7 light gray brown, with cobbles, older alluvium

_ 20 "

L . 23,39,5073 131 |4 SAND: gray brown, very dense, damp, fine to very

- coarse grained sand, trace gravel, possible decomposed

- granitic bedrock or boulder

— 25 . . .

L Il 502 possible moderately weathered granitic rock or bulder

— 30

— 35

— 40

— 45

— 50

— 55

i Refusal at 26 feet due to hard drilling

L Backfilled with cuttings

B No groundwater encountered




Earth Systems
1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

BOl‘illg No. B-2 Drilling Date: December 4, 2018
Project Name: Bamiyan Marketplace Drilling Method: Mobile B-61 w/autohammer
Project Number 302169-002 Drill Type: 6" HSA
Boring Location: See Plate 2, Approximate Elevation 1,311 feet (MSL) Logged By: D. Hamelehle
~ | Sample 2 o o ge . Page 1 of 1
£ | Type _ [Penetration| _ |2 - 2t Description of Units &
< = | Resi ) Q LS| =2 g Note: The stratification lines shown represent the
i Y = g esistance § % @,3 EO § approximate boundary between soil and/or rock types Graphic Trend
) g e % (Blows/6") | v a 3 and the transition may be gradational. Blow Count Dry Density

L SILTY SAND: brown, medium dense, dry, fine to
- medium grained sand, trace clay, Alluvium
- . 17,18,18 15 |5 slightly moist
B > . 568 12 |5 loose
o . 57,11 116 |5 fine to coarse grained sand, medium dense
B 10 . 79,11 108 |4 light brown, trace micaceous
5

SAND: light brown, dense, damp to slightly moist, fine
to coarse grained sand, trace micaceous, Older Alluvium,
3 sample disturbed

o . 7,13,50/3"
B 15 . 31,23,34

highly to moderately weathered granitic cobble

— 20

L . 18,20,21 1o 16 SILTY SAND: light gray brown, medium dense, slightly

L moist, fine to coarse grained sand

B 25 . 11,33,50/2.5 123 |14 highly weathered granitic cobble, moist

— 30

L . 20,31,35 141 4 SILTY SAND: gray brown, dense, damp, fine to coarse

L grained sand, trace clay, some cobbles

— 35 . . [
N . 15,31,26 130 |9 gray, medium dense, moist trace gravel

— 40 [ ]
L . 12,27,22 SM 132 9 SILTY SAND: brown, dense, moist, fine to coarse

L grained sand

B 45 . 34,38,50/4.5" 129 |11 possible highly weathered granitic bedrock '
— 50 =1 50/6" no recovery

Boring completed at 50-1/2 feet
Backfilled with cuttings and sealed with bentonite
Groundwater encountered at 47-1/2 feet




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-3 Drilling Date: December 4, 2018
Project Name: Bamiyan Marketplace Drilling Method: Mobile B-61 w/autohammer
Project Number 302169-002 Drill Type: 6" HSA
Boring Location: See Plate 2, Approximate Elevation 1,309 feet (MSL) Logged By: D. Hamelehle
~ | Sample 2 < e . Page 1 of 1
= | Type |penetration| _ R Description of Units age©
~ o« ) ol 2= . N
< = | Resi ) Q SRARZEs, Note: The stratification lines shown represent the
5 | — g esistance § % @,& EO g approximate boundary between soil and/or rock types Graphic Trend
) g e % (Blows/6™) | »1 a 3 and the transition may be gradational. Blow Count Dry Density
__ SILTY SAND: brown, medium dense, dry, fine to coarse
L grained sand, trace clay, Alluvium
- . 7,10,13
3 R 115 |4 damp
L . 46,8 114 7 slightly moist
B 10 . 4,10,18 128 |5
— 15
— 20
— 25
— 30
— 35
— 40
— 45
— 50
— 55
i Boring completed at 11-1/2 feet
L Backfilled with cuttings
B No groundwater encountered




Earth Systems
1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

BOl‘illg No. B4 Drilling Date: December 4, 2018
Project Name: Bamiyan Marketplace Drilling Method: Mobile B-61 w/autohammer
Project Number 302169-002 Drill Type: 6" HSA
Boring Location: See Plate 2, Approximate Elevation 1,308 feet (MSL) Logged By: D. Hamelehle
~ | Sample 2 < e . Page 1 of 1
= | Type |penetration| _ R Description of Units age©
~ o« ) ol 2= . N
< = | Resi ) Q SRARZEs, Note: The stratification lines shown represent the
5 | — g esistance § % @,3 EO g approximate boundary between soil and/or rock types Graphic Trend
) g e % (Blows/6™) | »1 a 3 and the transition may be gradational. Blow Count Dry Density
__ SILTY SAND: brown, medium dense, dry, fine to coarse
L grained sand, Alluvium .
- . 17,21,16 123 |2 !
B > . 55,9 red brown, moist, fine to medium grained sand
- . N 21,25,19 no recovery
B 10 N 13,33,50/5" no recovery
- = 50/5.5" no recovery
— 15 - - '
L . 15,23,24 -l SP-SM 128 6 SAND WITH SILT: brown, dense, slightly moist, fine to
L e coarse grained sand, Older Alluvium
— 20 °
L . 12,20,32 127 10 SILTY SAND: gray brown, dense, moist, fine to coarse
L — grained sand with gravel
— 25
— 30
— 35
— 40
— 45
— 50
— 55
i Boring completed at 21-1/2 feet
L Backfilled with cuttings
B No groundwater encountered




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-5
Project Name: Bamiyan Marketplace
Project Number 302169-002

Boring Location: See Plate 2, Approximate Elevation 1,303 feet (MSL)

Drilling Date: December 4, 2018

Drill Type: 6" HSA
Logged By: D. Hamelehle

Drilling Method: Mobile B-61 w/autohammer

~ | Sample > © . Page 1 of 1
2 | Type |penetration| _ o E e Description of Units &
~ he = S| 2% T,
S = | Resistance | 2 Q o|l2§5 Note: The stratification lines shown represent the }
& | = Z i % @,3 EO ‘g approximate boundary between soil and/or rock types Graphic Trend
e 2 & % (Blows/6™) | »1 a 0 and the transition may be gradational. Blow Count Dry Density
L SILTY SAND: brown, medium dense, dry, fine to coarse
L grained sand, trace clay, Alluvium
o . 26,14,18 114 |5 damp
L . 6,7,7 104 |11 moist
L . 45,7 116 8
B 10 . 4,6,10 106 |7 light brown, fine to medium grained sand
B . - 0.10,14 12 s SILTY SAND: red brown, medium dense, slightly moist,
B 15 fine to coarse grained sand, Older Alluvium
K . 11,27,33 134 |6 gray brown, dense
— 20
i . 14,2538 127 |10 brown
B 25 . 11,21,29 125 |10 olive brown, moist, fine to medium grained sand
— 30
L . 16,29,43 13019 SAND: olive gray, very dense, moist, fine to coarse
L grained sand
— 35
— 40
— 45
— 50
— 55

Boring completed at 31-1/2 feet
Backfilled with cuttings
No groundwater encountered




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-6

Project Number 302169-002

Project Name: Bamiyan Marketplace

Boring Location: See Plate 2, Approximate Elevation 1,306 feet (MSL)

Drilling Date: December 4, 2018

Drill Type: 6" HSA
Logged By: D. Hamelehle

Drilling Method: Mobile B-61 w/autohammer

~ | Sample 2 o o ge . Page 1 of 1
= | Type |penetration| _ R Description of Units g
~ o« ) ol 2= . N
< = | Resist ) Q SRARZEs, Note: The stratification lines shown represent the
& | — Z esistance i % @,3 EO % approximate boundary between soil and/or rock types Graphic Trend
) g e % (Blows/6™) | »1 a 0 and the transition may be gradational. Blow Count Dry Density
L SILTY SAND: brown, medium dense, moist, fine to
- coarse grained sand, trace fine gravel, Alluvium
- . 9,9,10 17 |7
B 5 . 5,59 113 |10
B . 13,26,44 132 10 SILTY SAND: olive brown, very dense, very moist, fine
B 10 to medium grained sand, Older Alluvium
. 15,26,35 ] spsm 124 |8 ' .
B - SAND WITH SILT: olive brown, dense, moist, fine to
i coarse grained sand
— 15
— 20
— 25
— 30
— 35
— 40
— 45
— 50
— 55
i Boring completed at 11-1/2 feet
L Backfilled with cuttings
B No groundwater encountered




Earth Systems
1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-7 Drilling Date: December 11, 2018

Project Name: Bamiyan Marketplace Drilling Method: Mobile B-61 w/autohammer

Project Number 302169-002 Drill Type: 6" HSA

Boring Location: See Plate 2, Approximate Elevation 1,301 feet (MSL) Logged By: D. Hamelehle

~ | Sample 2 o o e . Page 1 of 1

Z | Tvwe _ |Penctration| _ R RE S Description of Units g

< = | Resi ) Q LS| =2 g Note: The stratification lines shown represent the

5 | — g esistance § % @,3 EO g approximate boundary between soil and/or rock types Graphic Trend

) g e % (Blows/6™) | »1 a 3 and the transition may be gradational. Blow Count Dry Density
__ SM SILTY SAND: brown, loose, moist, fine to medium
- grained sand, trace clay, Fill

= . 45,5
B 5 . 3,4,6

108 |7 I

SM 105 16 SILTY SAND: light brown, loose, moist, fine to medium
grained sand, Alluvium

o . 4,6,6 | spsm | 116 |18

L SN SAND WITH GRAVEL AND SILT: gray brown, loose,

_— 10 . 0.12.17 or 11 3 very moist, fine to medium grained sand, fine gravel 3

- SILTY SANDY CLAY: olive gray, very stiff, moist, fine

o . 7,12,17 L 122 13 to medium grained sand, Older Alluvium *
CLAYEY SAND: brown, medium dense, very moist, °

B 15 . 8,19,21

fine to medium grained sand

— 20 )
L . 6,13,20 128 11 SILTY SAND: red brown, medium dense, very moist,

L fine to coarse grained sand

B 25 . 6,13,21 119 |15 red brown to gray brown, fine to medium grained sand )
L . 8,19.30 128 19 SAND WITH GRAVEL: gray, dense, moist, fine to

- — coarse grained sand, slightly micacous

Boring completed at 31-1/2 feet
Backfilled with cuttings
No groundwater encountered




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-8
Project Name: Bamiyan Marketplace
Project Number 302169-002

Boring Location: See Plate 2, Approximate Elevation 1,305 feet (MSL)

Drilling Date: December 4, 2018

Drill Type: 6" HSA
Logged By: D. Hamelehle

Drilling Method: Mobile B-61 w/autohammer

~ | Sample > © o . Page 1 of 1
Z | Type |penetration| _ o E e Description of Units g
~ o« ) ol 2= . N
S = | Resist ) Q SRARZES Note: The stratification lines shown represent the
5 | — g esistance § % @,& EO g approximate boundary between soil and/or rock types Graphic Trend
&) g e % (Blows/6™) | »1 a 3 and the transition may be gradational. Blow Count Dry Density
L SILTY SAND: light brown to brown, very dense, dry,
L fine to coarse grained sand, Alluvium
- . 21,50/6" 124 |4 damp
N > . 8,10,11 116 |5 brown, medium dense, slightly moist, fine to medium
L grained sand
- . 45,13 114 19 SITY SAND: gray brown, medium dense, moist, fine to
B 10 medium grained sand, Older Aluvium
| . 9,12,16 126 |12 very moist
— 15
— 20
— 25
— 30
— 35
— 40
— 45
— 50
— 55
i Boring completed at 11-1/2 feet
L Backfilled with cuttings
B No groundwater encountered




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-9
Project Name: Bamiyan Marketplace
Project Number 302169-002

Boring Location: See Plate 2, Approximate Elevation 1,303 feet (MSL)

Drilling Date: December 10, 2018

Drill Type: 6" HSA
Logged By: S. Clanton

Drilling Method: Mobile B-61 w/autohammer

~ | Sample 2 © Page 1 of 1
Z | Type |penetration| _ o E e Description of Units g
~ b=l ) S| 2% e
S = | Resistance | 2 Q o|l2§5 Note: The stratification lines shown represent the }
& | = Z i % @,3 EO ‘g approximate boundary between soil and/or rock types Graphic Trend
&) 2 & % (Blows/6™) | »1 a 0 and the transition may be gradational. Blow Count Dry Density
L SILTY SAND: brown, loose, moist, fine to medium
L grained sand, Alluvium
L . 446 121 10
— 5
B . 10,14,17 127 |9
- . 59,11 114 |12
— 10 6,13,17 119 |14 i !
L . 519, CLAYEY SAND: gray brown, medium dense, very
L moist, fine to medium grained sand
— 15 - - .
L . 8,15.24 122113 SILTY SAND: gray brown, medium dense, very moist,
L fine to coarse grained sand
— 20 W oo 122 |12 ?
s . 514,24 17 |12

Boring completed at 26-1/2 feet
Backfilled with cuttings
No groundwater encountered




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-10
Project Name: Bamiyan Marketplace
Project Number 302169-002

Boring Location: See Plate 2, Approximate Elevation 1,300 feet (MSL)

Drilling Date: December 4, 2018

Drill Type: 6" HSA
Logged By: D. Hamelehle

Drilling Method: Mobile B-61 w/autohammer

~ | Sample 2 o o e . Page 1 of 1
& | Type |Penetration| _ . |2 |es Description of Units B
~ o« ) ol 2= . N
< = | Resist ) Q SRARZEs, Note: The stratification lines shown represent the
5 | — g esistance § % @,3 EO g approximate boundary between soil and/or rock types Graphic Trend
) g e % (Blows/6™) | »1 a 3 and the transition may be gradational. Blow Count Dry Density
L SILTY SAND: gray brown, medium dense, dry, fine to
- medium grained sand, Alluvium
- . 10,13,16 120 |7 slightly moist
N > . 8,15,23 124 |9 light brown, dense, damp, fine to coarse grained sand
B . 89,16 13 16 SILTY SAND: mottled orange, gray, brown, medium
B 10 dense, moist, fine to medium grained sand, Older
B . 8,12,20 120 |14 Alluvium, very moist
— 15
— 20
— 25
— 30
— 35
— 40
— 45
— 50
— 55
i Boring completed at 11-1/2 feet
L Backfilled with cuttings
B No groundwater encountered




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571
Phone (951) 928-9799

Boring No. B-11
Project Name: Bamiyan Marketplace
Project Number 302169-002

Boring Location: See Plate 2, Approximate Elevation 1,314 feet (MSL)

Drilling Date: December 11, 2018

Drilling Method: Mobile B-61 w/autohammer
Drill Type: 6" HSA

Logged By: D. Hamelehle

~ | Sample > o Page 1 of 1
2 | Type |penetration| _ RS Description of Units g
~ o ) S| 2= o
. = | Resistance | 2 Q o|l2§5 Note: The stratification lines shown represent the )
& | = Z i % @,3 EO S approximate boundary between soil and/or rock types Graphic Trend
) g e % (Blows/6™) | »1 a 3 and the transition may be gradational. Blow Count Dry Density
L SILTY SAND: brown, medium dense, dry, fine to coarse
L grained sand, Older Alluvium
o . 8,16,21
| . 10,21,30 121 |8 gray brown, dense moist
o . 15,15,19 127 |9 medium dense
__ 10 . 16,21,34 129 10 red brown, dense, fine to medium grained sand, very moist
= . 7,17,24 brown, medium dense, moist, slightly micaceous
— 15
| . 11,21,25 128 |10
— 20 . 6,15,17 129 |10
2 11,17,24 124 |12 - :
L . sl SAND: brown, medium dense, wet, fine to medium
L ! grained sand
i = groundwater
30 9,21,32 118 |14 ;
L . el SILTY SAND: brown, dense, wet, fine to coarse grained
L sand
— 35
— 40
— 45
— 50
— 55

Boring completed at 31-1/2 feet
Backfilled with cuttings, sealed with bentonite
Groundwater encountered at 28 feet




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-12
Project Name: Bamiyan Marketplace
Project Number 302169-002

Boring Location: See Plate 2, Approximate Elevation 1,305 feet (MSL)

Drilling Date: December 10, 2018

Drill Type: 6" HSA
Logged By: S. Clanton

Drilling Method: Mobile B-61 w/autohammer

~ | Sample 2 o o ge . Page 1 of 1
& | Type |Penetration| _ . |2 |es Description of Units B
~ o« ) o B . L.
< = | Resi ) Q SRARZEs, Note: The stratification lines shown represent the
& | — Z esistance i % @,3 EO % approximate boundary between soil and/or rock types Graphic Trend
) g e % (Blows/6™) | »1 a 0 and the transition may be gradational. Blow Count Dry Density
L SILTY SAND: brown, dense, damp, fine to medium
L grained sand, trace clay, Alluvium
- . 29,23,17 17 |7 slightly moist
— 5
B . 7,8,11 1o |6
B . 8,10,15 SILTY SAND: olive brown, medium dense, moist, fine
B to medium grained sand
— 10
B . 8,10,16 119 |13 trace clay
— 15
B . 7,15,18 115 |10 gray brown
— 20 18 | 14 - i
L . 12,14,24 SILTY SAND WITH CLAY: reddish brown, medium
- dense, moist, fine to medium grained sand
— 25
— 30
— 35
— 40
— 45
— 50
— 55
i Boring completed at 21-1/2 feet
L Backfilled with cuttings
B No groundwater encountered




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-13
Project Name: Bamiyan Marketplace
Project Number 302169-002

Boring Location: See Plate 2, Approximate Elevation 1,305 feet (MSL)

Drilling Date: December 10, 2018

Drill Type: 6" HSA
Logged By: S. Clanton

Drilling Method: Mobile B-61 w/autohammer

~ | Sample > © . Page 1 of 1
2 | Type |penetration| _ RS Description of Units g
~ o ) S| 2= e
. = | Resistance | 2 Q o|l2§5 Note: The stratification lines shown represent the )
& | = Z i % @,3 EO ‘g approximate boundary between soil and/or rock types Graphic Trend
) 2 & % (Blows/6™) | »1 a 0 and the transition may be gradational. Blow Count Dry Density
L SITLY SAND: brown, medium dense, damp, fine to
- medium grained sand, fill
- . 11,11,11 114 |3
— 5
L . 6,8,10 10714 SILTY SAND: light brown, medium dense, dry, fine to
- coarse grained sand, Alluvium
o . 6,12,13 109 |6
B 10 . 10,11,13 104 |9
__ 15 . 9,21,25 112 |6 reddish brown, dense, fine to coarse grained sand, dense
L older alluvium
— 20 . .
| . 2,8,14 16 |15 dark gray brown, medium dense, moist
— 25
L . 11,19,34 120 13 SILTY SAND: brown, wet, dense fine to coarse grained
L ! sand
i = groundwater
130 12

30 . 15,26,35

— 35 . 21,35,50

111

11

very dense, with clay

Boring refusal at 39 feet
Backfilled with cuttings, sealed with bentonite
Groundwater encountered at 28 feet




@ Earth Systems

1680 Illinois Ave., Suite 20, Perris, CA 92571

Phone (951) 928-9799

Boring No. B-14
Project Name: Bamiyan Marketplace
Project Number 302169-002

Boring Location: See Plate 2, Approximate Elevation 1,302 feet (MSL)

Drilling Date: December 10, 2018

Drill Type: 6" HSA
Logged By: S. Clanton

Drilling Method: Mobile B-61 w/autohammer

~ | Sample 2 o Page 1 of 1
= | Type |penetration| _ R Description of Units g
~ b=t = S| 2% T,
< = | Resist ) Q S| 2§ Note: The stratification lines shown represent the
& | — Z esistance i % @,3 EO % approximate boundary between soil and/or rock types Graphic Trend
) 2 & % (Blows/6™) | »1 a 0 and the transition may be gradational. Blow Count Dry Density
L SITLY SAND: reddish brown, medium dense, damp,
- fine to medium grained sand, fill
- . 7,16,22 120 |5
s 10,12,14 13 |5 ; ; ;
L . »1%5 SILTY SAND: brown, medium dense, slightly moist,
L fine to medium grained sand, Alluvium
- . 69,13 1L (4 light brown, fine to coarse grained sand
— 10 g s 106 |4 I
— 15 1 s _ , , T
L . 11,17,22 111 SILTY SAND: reddish brown, medium dense, moist,
L fine to coarse grained sand, Older Alluvium
— 20 g 108 |6 ?
— 25 L
| . 12,17,23 109 |10 some gravel
30 129 |12 -
L . 10,20,32 SILTY SAND: brown, dense, moist, fine to coarse
L grained sand
— 35
— 40
— 45
— 50
— 55

Boring completed at 31-1/2 feet
Backfilled with cuttings
No groundwater encountered




T00-69TZ0€ | 6102/L1/T

swaisAs yyie3 @

v ‘Aluno) apisianly
9JOUIS|3 BT ‘©NUBAY puBID) 617/GT
2oe|diayJe|A ueAjweg pasodoud

s807 1d 1saL

‘(z/s A5 7) umouq ysiAeis 1siow
‘.81 01 dn papunouqns s1ap|noq Yyim
“}]IS 92eJ] pUES 2-} ‘@Susp wnipaw

‘8uo|
199} ¢ 01 dn papunougns siap|noq
YHM pues -} A}jIs ‘Osuap wnipaw
(IS) sxsodap uej [elan|je p|O 400D

‘sajoyuld awos *(¢/€ 1A57)
‘umouq ysippaJ yJep ‘1siow

]IS YyHUM pues 2-} ‘@suap wnipaw
D ‘(INS) susodap uej [eiAn|e p|O 40D
"sajoyuid uepunqy ‘(7/€ JAS)

umoJq ysippad ysep ‘Aup ‘lanesd
9JeJ] ‘pues 2-4 A}jIs ‘9suap wnipaw
(INS) sysodap uey |eian|je Sunop ‘AAD

(v/€ 4A0T) umouq ysimoj|aA yep
‘Aap ‘|anesd aoedy ‘pues Ayjis o-4

(INS) asuap winipaw ‘[|i4 ‘}e

suondiinsaq

T-dl

(2s) susodap uey [eianjie pjo 400 O

1994 /0€‘T uoileAs|3 ajewixosddy

\m.ﬂ \NH

0

9|dwes Segq \

¢ T-dL

199} ¢ 01 dn suap|nog

9|dwes 3eg
T-T-dL

—_—— s — — — —

1

8T

ST

A

6

£

0

(3994) Yyadaq




T00-69TZ0€ _ 6102/LT/T 193} 80€'T Uoien3|3 rewixoiddy

0

@ ST T 6 9
swaisAs yyie3 1 1 1 1

v ‘Aluno) apisianly
9JOUIS|3 BT ‘©NUBAY puBID) 617/GT
2oe|diayJe|A ueAjweg pasodoud

s807 1d 1saL

'8 01dn $39|0q02 punoJgns awos
‘(z/€ 4Ag ) pa4 Aasnp ‘1siow o1 Aup
‘}|1S 92eJ] pUES -} ‘DSUdP WNIpaW m_aemwwmw\i
(3S) susodap uey jeianjje pjo 400 ©
‘'s9joyuld ma4
"(€/€ 1AG°T) umouq ysippad jJep
1slow ‘pues w-4 A}jIs ‘@suap wnipaw
‘eD (INS) ‘susodap uey jeianije pjo 400 )

"(€/v JAS)

‘umouq ysippaJ ‘1siow ‘|anessd aoedy

]IS Y1m pues 2-} ‘asuap wnipaw
(W) susodap uey [eianjie pjo 400 ©

'sajoyuld swos ‘(¢7/1 4AG)

umouq ysippad4 ‘Aup ‘|onesd

dWOs ‘pues -4 A}jIs ‘@suap wnipaw
(INS) suisodap uey |eianje 8unop ‘AAD @

‘'sajoyuid

awos ‘(¢7/¥ 41A5°£) umouq

‘A1p ‘|anesd aoeuy ‘pues 2-} Ayjis
(INS) asuap wnipaw ‘|14 48 )

suondiinsaq

_— e — e — ==

¢-dl

,GT 1e Aeu3 pue
paJ pajnow
Saw02a(q |10S

1

8T

ST

A

6

£

0

(3994) Yyadaq




T00-69TZ0€ | 6102/L1/T

swaisAs yyie3 @

v ‘Aluno) apisianly
9JOUIS|3 BT ‘©NUBAY puBID) 617/GT
2oe|diayJe|A ueAjweg pasodoud

s807 1d 1saL

(v/5 4AS°T)

UMO.Q YsIppaJ dJep paj1iow awos

‘(1/5 Ag ) Aea3 ‘1siow Asan

“}|1S 92eJ] pues -} ‘9susp wnipaw
(25) susodap uey jeianjie pjo 400 (&)

"(9/9 A5°7)

Mo|[2A anljo 01 (T/1 AS) Aeu3 yaep

pajlow ‘1siow AJan ‘pues 2-4 AsAeQ

03 Ae|d Apues ‘wuiy 03 9suap wnipaw
(DS 01 1D) susodap uey jeiAn|je p|O 40D @

(1/v AS5'T)

Aei3 yaep siow ‘pues 3-} dsuaq
susodap uey [eianjie pjo 400 (&)

"(€/¢€ 4A5) umouq ysippad yiep 0}

9/¥ JAG paJ ysimo||aA ‘g 01 g pajnow ‘1siow

‘|9neJd 32e4] ‘pues 2-} ‘DSuap wnipaw
(35) susodap uey jeianjie pjo 400 (©)

‘(2/¥ 4AG L) umouq ‘Aip ‘|anes
92kJ] ‘pues 2-4 A1jIs ‘Osusap wnipaw
(NS) susodap uey jeian)je Sunop ‘AAD @

‘(¢/¥ 4Ag L) umouq
‘A1p ‘|onesd swos ‘pues -} AyIs

(INS) @suap winipaw ‘|4 ‘e @

suondiinsaq

€-dl

199} ZOE‘T uonens|3 arewixolddy

ST (L1 6 9 € 0
1 1 1 1 1
9|dwes 3egq
¢-€-dlL . |
10 @

’ —_— T~

9|dwes 3egq « © _7
T-€-dl -

1

8T

ST

A

6

£

0

(3994) Yyadaq




100-69T20€ |

6102/L1/1

199} TOE‘T Uonead|3 arewixolddy

swaisAs yyie3 @

\m.ﬂ \NH

0

v ‘Aluno) apisianly
9JOUIS|3 BT ‘©NUBAY puBID) 617/GT
2oe|diayJe|A ueAjweg pasodoud

s807 1d 1saL

‘'sajoyuid ma4 '9/9 Ag'¢
MO||9A aAljo 01 /¥ Ag 'z umouq ysiAesd
yJep paj1row ‘isiow ‘|9Aesd aoeuy

‘pues 2-} A}JIs ‘Osuap wnipaw
(DS) susodap uey |elAn|je p|O }0D

(v/¥ 4A5)'umouq ysippai ‘dwep
]IS Y3m pues 2-} ‘@suap wnipaw

(INS) susodap uej |elan||e p|O 40D

(/¥ 4Ag°£) umouq ‘Aup ‘|aness
9deJ] ‘pues 3-4 A}jIs ‘9suap wnipaw
(INS) susodap uey |eian|je Sunop ‘AAD

‘'s9joyuid swos
"(€/v AOT) umouq ‘Aup ‘pues o- Ayis
(INIS) @suap wnipaw ‘|14 4e

suondiinsaq

v-dl

O

Mo @

je

1

8T

ST

A

6

£

0

(3994) Yyadaq




T00-69TZOE :"ON 3|!4 _ 610¢/L1/1

1994 0T 1994 § 0

—ee—— T E— 10B1U0) u_mO_OwO _~—~—~ UOZUOH - g >esp\

swalsAs yuie3 @

eluJoyi|ed ‘Axuno) apISIaAlY ‘DJ0uls|] el .9 =.,T 9|ed3s 1ewixoiddy

SNUBAY pueld 67/ST
2oe|diayJe|N ueAiweg pasodoud
801 youauy 1-1
S 91eld 8uippag 219y AANS - 9/4

peuo)d8ojoyyy - N ~ uozlIoH - 1g

aN3o3I

"@) Ad UIRIBAQ SI Ob+0 03 SE+0 BIS Hsodag [auuey) suQ

" (e2)03u| BPEID ||IM UOIIOd J3ddn By3 uo sysodag [auuey) ay3 AjjealdAL ‘Bsuaq@ winIPaIAl 01 35007 ‘A ‘YIS Apues auld Jo SasUST [[ews pue 9|qqod YiM pues 351e0) 03 duld Aj[aAeID 0} (dS) pues 3sieo) 03 dul4 ues|)
wouy Alep sysodaq [suuey) 953y L ‘s|eiale|\ paulels 4as1eo) paisodaq pue (eg) 03Ul InD sjpuueyd SnoJWNN “ ) 03 Jold pue (9) 4o uonisodaq ay1 Suning sieaddy 3 ‘(asodaq [duueyd) WNIAN|Y J3p|0

"9NISSBIA ‘(8/9 JA G°£) MOJ[BA UsIppay 01 (9/G JA OT) umolg YSIMO[|SA PRJIIOIA ‘Dsuag wnIpaIA ‘ISIOIN “(INS) pues asieo) 03 ul4 A}IS ‘WniAN||y Jap|O

"9AISSeN ‘pues AY|IS sow0d9g 1S9 7+ IS Wody ‘(8/9 JA /) MO ysippay 01 (£/5 JA OT) umoug pano ‘@suaqg wnipaN ‘Aig ‘(NS - dS) IS 9. ‘|9A_ID YHIM pues 8si1e0) 01 aul4 ‘WNIAN||Y Jap|0

"AISSE|N @ 9@ wouJj aduey) |euonnepels ‘(g/y JA g'£) umoug ‘asuaqg wnipaln ‘Aig ‘paploA AlGISIA “(INIS) HIS YHIM ‘|SABID YLIM pues 9S4e0) 01 aul4 ‘WnIAN| |y
"DAISSE|Al ‘UOZIIOH-g eI
‘@1n1onu1s Aydo|g yesp ‘paruswa) Apjespn ‘(z/€ 4A G72) umoug daeq ‘91qqo) aded] ‘|aAel aded] ‘asuaqg wnipa ‘Aig ‘YiSuauis/Aig y3iH ‘spIoA 3|qISIA (DS) AejD yum pues asieo) 01 aul4 ‘WNIAN||Y

@ ®©® ® B

S

(/€ 4A 0T) umoug ysiAeao yieq AJap ‘91qgo) adel| ‘|9AeIDH BWOS ‘@suag wnipalA 01 95007 ‘Aig ‘(DS) AeDd yam pues asieo) 03 auld ‘||i4

G/0 ON 8uippaq 3)3gns

3pIS YHON 03 pu3xa 10N 0Q

.G =,T:9|eas

A .
65:25@ = s HOA MTSN ®INPBIY - LA MZIN /O ON <odan louue uonepAxo apIm ,8/T “€0DBD YHM Ssaunjoely paj|iul
"UOA M8LN 2in1oeid @raiy 1020 aunpeij  aunesy ysofed [putini PasnyIa @
7 - /[ T——7— — < —
e /- S T L L F P T =TT T T
h\..\lkl...\l\.w.h L~ I\l/ﬂlul X - T \ PN - = 2 ) > 19\ MOSN . : mtw>
=== . : RN IR S - = DRI - N wopn (- \
oo~ onephxo 3 _ R = 5 6L ) o] ) mssN
@ T N
= \ N N ) ! ) Vi v e
_ i ) W&Av%vﬂf > 4 . ) ‘ B P ) ° ) -
N 4 g — - N ) N \\ s - - < - -
T TR T T T . T T T T == ===
/ S E/EYASL — : . \ i >
- ,8,l0s00jeq ~E/E¥ASL, & &) . J:m: . _ n; |
C o o E/EMASL T . @ E : : K _ ;
. e O ——— T T =
uny) 1jeydsy
\ jJuny) 931a42uU0)
uny) 1jeydsy
€/EYAS LU T D
Y18ua.13S AIQ "NO'N ‘@AISSeIAl ‘WinIp3|Al 03 duld G3d YeSM
paieo) Ae|) sise|d ‘PapIoA ‘(INIS) ‘@suaq AJsp ‘paruswa) Aed yim pues wnips|A 03 auld Ayis 2 - T
€/€ YAG'L |0S03|ed BIM ST+O®
S/+0 0S+0 qZ+0 00+0
L L L J
9pIS Yyinos
—_—
d8YN

UOoI1BIUBIIQ Youdd|

T-1

lanual\v pueio




T00-69TZO€ :"ON 3]!4 | 6102/LT/T
1994 0T 1994 G 0 _
swa1sAs yiie3 @ —— e e 1eW0) 2180j09n — ~— UOZLOH - g>EaM
eluJoyi|ed ‘Axuno) apISIaAlY ‘DJ0uls|] el .9 =.,T 9|ed3s 1ewixoiddy
aNUaAY puelD 61/ST pewo)ddojoyy] ~ T uozlioH -1d
2oe|diayJe|N ueAiweg pasodoud
801 youauy 1-1 aN3531
9 aie|d uoiepAxQ 3eam yim pajoN
yr3uauis Aug wnipay
pajuawa) Apleam

/¥ YA OT pPuUBS WNIP3A 01 duld A)IS
LOT+T |0S0J|ed 21|19y

(dS) pues wnipajA 01 aul4 pappag Ajuuiy] Aeio

uonepAxo pa|RoN YHM VE
9pIS YHoN 03 spuaix3 A|qissod

19550 ON ed113A 3ZIN PaIUBLIO AlYSnoY ‘BpIM ,8/T
14 Ul €0ded ¥/T [B21149A I9N B4n3deI4 P3||i4 E0DED aJn3oelq paj|i4 €0Jed
ap! o
U0I11eJ0]03SI( [BIIMIDA [e2133A MOEN n%\w”umh“_ Mw\_\_o_w\ﬁ
ﬁ. aJnjoeld 6 S9SUT dS aJnjoeld $9sU97 dS €07ey
e Sy S . IR / / - . - N P — -
.- - N n N NN SATeEn AL :
Ty CO_HMU_XO‘,\\\\ _ , N R RPN NN .:.,._\.U.//_,,/,_,, \ < S N> \\\“”/Hrm
_ Anods — AA "™ suoz uonepixo © o =——— UAIEEND :
PO . " N —
onseld
0S+1 qC+1 00T+T S/+0
| | | ]
—>
18VN

uoIeIuBIO Youal]l

T-1




T00-69TZ0€ "ON 3|!4 | 6T02/L1/T
1924 01 1994 G 0 _
SwalsAs yuiej
eluJoyi|ed ‘Axuno) apISIaAlY ‘DJ0uls|] el .G =,T :9|eds arewixoiddy —
3NUBAY pUBID 61/ST 10e0) 2i180j0Y37 - -~ UOZIIoOH - 19
2oe|diayJe|N ueAiweg pasodoud
801 youauy 1-1 aN3ionai
L 9e|d
spag IS
pue 9/s asieo)
Y}M 3U0Z JN02S
S2UOZ |BIIMA YHM X/0O P3|1OIN
(8/9 4Ag"£) moj|aA ysippau 01 (£/5 Ag Z) umoug aAIO 14317 pa|oAN 6

1/0 ON @r0qy 3|qg0) pue ‘[aAeID ‘pues @) 010! [euonepeId pauleid 35180

[SuuBy) 4nods uea|) pappaqssos) @ O1lUl |eUOIllBpPEeID pPaulelD) 3s1e0) ysodaq |auuey) .dS, Aeio

JA Suiulels umoug e
sa|NPON 10 $30ds usodaq [puuey) (€/€ 4AQT) Buluiers umoug sleq (€/€ 4A 0T) Buiuieas g>eq ]suuey)
usodaq [suueyd Agny  umoug yleqg
[E21SA MOSN
—

p=4 IS

aJnoel

k e

.relkhuWVQNJﬂ_‘\‘ -

j ﬁx\o @ [suueyd ds

dS 40 $32%420d
~ \ s, N

\

onse|d pay 1dniqy 10N
-J0+ G+ T3iespuy g,

mmﬂﬂ Omﬂﬂ

mN”N oo.h.N

3I8YN

uoIeIuBIO Youal]l

T-1




T00-69TZO€ :"ON 3]!4 | 6T02/L1/T
1994 01 lo94 § 0
UOZIJOH - eo
swaisAs yie3z —— —"" — pewo)difojoany ~ ~~— MOH - g 3eaM
eluJoyi|ed ‘Axuno) apISIaAlY ‘DJ0uls|] el .9 =.,T 9|ed3s 1ewixoiddy
aNUBAY puelD 61/ST ) pewo)ddojoyy] ~ T UozIIOH - 1g
2oe|diayJe|N ueAiweg pasodoud
801 youauy 1-1 aN3ionai
8 9ield
pappag - X
Aed Si
o el (35) pues Aakepy
PUES [SUEHI ¥/S 4AOT
Suimo
dS pPeppag YUM yi8uans Aeq YSiH 110N X/0
éééé T/TL 00+ @
€0oeD
$9]9q0oD ||lews pue [ewlul|A
SPED |[9ABID UM PUBS PapPPaYSS0L) ues|d
Sujuiels pay moj|aA uo poAulILS 40 Sasua IBIH9A MSCN
T saJnjoel4 ainjoed4
1sodaq [puuey) pues uea|) usodaq [auuey)
pappag ssou) % [e21149A MSTIN [E911SA MOCN | |edilap MISN
ainypely m::u,um#_ wjyum;u_
- Y ST s s T T e — — — —
i N | s - : _— :__t.o_>_
- b ~ _ N N - N _ - 1 X\O
Pa]110IN - > > . . 3 X\O R ]
® ° | w W W FoT s T pamow o ,
N i R o . N . /. BN “ . ~ \O G
~ <\ R ,\ N N // \ N N ~ ... ”,,ul.
oo T oL Lo T o _Smx\o
S \ ° 2 oY . - — = \ -
N > R T PR D e
— LeoX0 =T L o )
R ' ‘l\\\.\\Wl,: /\ NEESEY ,\//ﬁ -~ RN
N ~ \ ‘ N \/,,. Yol /Iuy SN ! ,
! N \ . Ny - \
. . . , . ]
S F ° . J o S ° o o
00+¢€ QL+ 0S+¢ Y& T4
| | 1 |
—_—
I8¥N

uoIeIuBIO Youal]l

T-1




T00-69TZOE :"ON 3|!4 _ 610¢/L1/1

SwalsAs yuiej

eluJoji|ed ‘AJuno) apIsIanly ‘@J0uls|3 e
9NUBAY puelD 6%7/ST
2oe|diayJe|N ueAiweg pasodoud

s§o1yduail Z-1 3 1-1
6 91e|d

1994 0T 1994 § 0

|IIII
.G =,T :9|eds arewixoiddy

10e1U0) 2130|099

10e1U0)) 2180|0Y3I]

SPaq NS pue IS ulyum x/0
S/0 ON

_~—~.—~ UOZLIOH - geam
- 7 UozlI0H - 19

aN3o3I

1IS 0 SPagUaIUI UM (INIS) pues Aljis pue (dS) pues SuIppad (|9

195430 ON

Je  Ae[D yum pues wnipa|n 01 auld AYis umoug yieq e

00+€
|

T-1 J0 35 €T Aj91ewixoiddy

3¢SN

uo11BIUBIIQ Youdd|

(41

[suuey) pappag - X

s95UD7 IS

PUES Pppag [I9M 19000 |

R A UL

VO N TN 7S

-~ auoz mojd

wmu.m mN.h.m

sul|jyu| soddry/mo|d

oo“.m

youaJ] Jo pug

I8N

UOI1BIUBIIQ Youdd|

T-1




(09)LN pues ues|D pues uead (09)LN
«N_wo\e.mﬁmsw_w_o =4S o 1) 0e 14 (74 Sl ol S 0 00 o Se 0og e14 (4 S ol S 0 00
SO0 = N
((#vN4¥ 1. LE00000 0+EvNLSG8ZE000 0-2vN8LS600"0+N8+Z L 0-L)/(EvNLEL9 L0000 0-ZyN.9E L9000 0+N. L ZLF00°0-8+0°0) = § 24490 \
OM/4SN/DYSD = (4SO wea1as e 1’0 b 10
P1(0/00),¥9d,59°0 = baySO \
(OL/*'N) = 1 woL=ra 2 7
<0 %G = AT —e— e \
(420805 0-10)3r9'0 1 0140850 HO.D) 40 0°) JO UL = o %= A3 z0 @ 7’ 20 g
091Ny 4 SO0 = S9N %6 = AJ—— 3 \ »
(09)LN - (09)LNA((2°1(0001/5" LvO)+66'0'6€>04)41' L 'G=>04)1+(5'((2vO4/061)-9L" L)dxo'GE>0) 101 Ui = 09Ny %2 = A3 —— m_ \ m
((2v2.12100°0+5"1vZ,.502900'0-2.62250'0+5 OvZ4LL LY 0 LG LuZ,EGLLO0 0+2,25010'0+G OvZ.EL LY0-L) = PA b =A3—— & / &
%S0 = AF—— €0 w €0
*3HZ =S Gl Tugo(GLON) =73 151850°L = Bd) L0 = wie | = ed %Z'0 = AF—s— E \
2(02F%N), 4 =53 (w) yideq = z %ro=ra \
[ oL e+ I Or*La)dx3.e+1] = 4 seol/y7,0L = ASIN 70 70
(@oa(1/d),009 =9 13Ul INOUIM 1S 10} ((00LAOPN+L'E" U} | )xew = SO
¥zl 0+(1/d),68€0°0 = € L1 xew  (odune 1) = NO
so%nen X Na LYY =D (6 {(1)2)/955°2-099%" 1 ‘G- 0)xew L)l = o 50 . 0
- Ae. LY ‘N =
?oakwn_,mm.o =" wol <104 0L Emvwemmcm_mnow_ __ou ﬁz 0= “w, (1861) pooS B NSIEWNOL 104 T
LAP-OVIN) =N od,z9'0 =d N.°0,%0,%0,30,N0 = N UIBAS OHISWINIOA UOKoB}eNbIT-4s0d annD (2661) ¥IFON
€0-3€'L G6v'L v0L'T 0SZZ| 000 000 969 00L SLL 9¥0'L 00Z'L 820 99 00L 68 965 00L 00'L ¥20 S0 ¥S6'L 8se€ [ oes 00s or evl | €9 00l G0S
€0-3G6'L 9z’ +0S'T 0L0Z) 000 000 219 00L €'l 990'L 00Z'L 280 19 00, 98 L'1G 00L 00'L 820 080 2SLL 000¢€ | osyr ogv or eyl | S 88 00S
€0-39'C 8Z€'L €¥0'T L9L°) 000 000 907 00L L'V 0€0°L 00Z'L 680 90r 00L 99 90€ 00L 00L €80 G880 9vS'L 8€9C foer oov or Shl | 1€ 6y 06k
€0-3¢'C 20Z'L ZL0'T 625 000 000 Z'8y 00L ¥L'L 2S0'L 00Z'L 160 T8y 00L ¥. Z'8S 00'L 00'L 680 680 /Lve'L €82Z 08e o0ge or Zrl | 9€ /S 00F
€0-36'L ¥¥O'L €96°L G8T'L 000 000 185 00L 6L'L LLO'L 00ZL 260 L'8S 00L €8 L8y 00'L 00°L 960 260 8EL'L 8LEL | 0€E 00€ or vl | v 99 06e
€0-3t'L €28°0 G€6'L 0S0'L 000 000 €6, 00L 12’V 0660 00ZL 00 €G. 00 /6 €69 001 860 90l 60 ¥¥6'0 8951 08z oGz or ovl | s €8 00¢
€0-39'C 60,0 L¥¥'L 6€8°0f 000 000 9€r 00L ¥Z'L /960 00Z'L 00 9€r 00L 69 9€€ 00L €60 9L'L 960 $8.0 €ST’L foee o0z or 9zl | 9z ¥ 06c
€0-36'L 8050 06Z'L S65°0f 000 000 25 02 Z’V S¥60 00Z'L 00 ¥'Z§ 0Z S8 G0G 00'L 980 9L 260 960 8880 [ 08L oGl oL vl | 9€ /S 002
€0-39'L 62v'0 €22'L 66v°0f 000 000 185 LT €L 6680 0021 00 L'8S L'Z 68 095 00'L 280 ¥¥L 260 LISO SvL0 [ sSL sz oL 90L | oF €9 Sl
€0-3¥'S 0560 88 SOVO| L¥O 1§V T0Z 9T GE'0  9¢8°0 620 00 2GSz 08 05 9ZL 00 920 ¥S'L 860 8yy0 ¥090 [ o€l o0l € el | €L 0z STl
€0-39°9 €920 10L <20SO| 6¥0 9L L6l 6L €0 €50 9520 00h Z€ 09 05 TZLL 00L SL0 89°L 860 €60 LS¥0 fS0L G2 ve zel | L 8L 00
€0-39°6 6/L'0 OvS #0ZO| 000 000 L'6L 96 ‘brIlruoN z90 90Z0 00 L6 9GS ¥y S€L 00 G20 OLL 660 SO0 GOS0 f 08 0 vz LLL | 6 VL S/
200  $0-3€L ¥0-32'L ¥0-30°L 0600 2€9 <2OLOf 200 €00 G988 00, ‘briruoN 1€9°0 00Z'L 00°L S98 O0L ### 9L 00 GL0 OLL 00L €510 €SL0f S5 s¢ ve zel | 0 9¢ 06
0000
(uy) A Gs) sy sy (uy) (%) solony oy 0B LHSD  WMD sololy 0Oy (%) 10 (syod (sy)od [[(00)) (03) (%) (od)  (L100) N N (09
eouspisqns  ou3 sl uesns M1 g d  [feouspisans wess v 04 Kyajeg peonpul ejqelleAY oy  pueS ‘foy O 'sue @y SH ¥y Ng  pi 1dSIe  1dS e [[wbuel | dS o jusiuod IMHUN 1deosng 1dS PO uideq
pueg fuig ulens uens  Jeays pasnpuj  dLPBWNIOA jsod -oejenbil G /=N S L= ‘AInb3g 4ebbuy 1oy sseng'y3 ssengiol |l poy yideg seaulg lelo]l  jenbr |ep eseg
1'LL =9N ¥€'0  :4S pPajeInded wnwiuiy 1€°0 6 “491929y pjoysaiyL €9'0 ‘oney 1dS /PO [BD 199} 0'G 0} BeIpoWSy
0S'L  :d4S painbay SOA L 11dS 10} uOndBLI0D Jour Jojdwes 1994 0S 1 MO OBD
SANVS A¥A 40 (ION3aIsans) INIFWI1LLIS ) 0 Joddn 00’} :(%0) "uoQ "elq djoyaiog 199} 06 LMD
0l 0'¢  :(199}) punoib aroqe yibus poy €6°0 :4SW
souapisqng uneea L :(¥9) "uoQ poy eAug 160 16°0 :6'vod
pasnpu| 0Z'L (D) 09N 0} uonoau) ABiaug S 1L :epnjubep
:SNOILOIHHOD ANTVA N LdS INOLLYIWHOHNI 3MVNOHLYVI

308V ‘v 'ON ‘¥ZL I0A ‘FIOC ‘[epeid Aq payipo
3OSV ‘8'ON ‘L1 IOA'TIOr (£861) PeS pue nsjewnio | woy sishleuy Juswepes
308V ‘0L "ON ‘ZZL IOA ‘L00Z 4890100 (339r) Buliesulbu3 [EjUSWIOIIAUT PUE [BOIUYISIOSD) 4O [euInop

. (s1031pa ‘ssup| 8 pnoA) poyjaw doysyiom ¥YIION 8661 2 9661 Buisn sishjeuy uonoesanbiy :spoyja

Jsemyinog swasAs yeg - 93 ‘ 9d ‘39 ‘Id Uebums 7 uoyeys Aq L00z padojersq B bukiod
ION3AISENS ANNOYD AIONANI ANV TVILNILOd NOILOVIINDIT 40 SISATYNY TVOIRMIdNT 304 LIFHSAVIUCS V - STX'E€'Z A-A43N0OIT

I 19s eled

4]
6102/LLIL

200-69120€
aoe|djayae| ueAiweg

:Buuog
:a)eq

‘ON qor
309foud



Saydul (’| :92UBPISGNS PUNOIL) |B}O] Pdjewl}s]

199} 0°0 :s49he ajqenenbi jJo ssauyolyy |ejol

| (09IN—e— N.idS—e— HHO=@=  HSD DI =t—
|o/ »/ 0§ 05 0S F 0S
(0}% o¥ (04 (04
\1\ s 9
T \ g g g ]
\ N > 5 =
Py ) z = 7
AN ® ® o ®
// = = 2 =
TN
VTV 0z 0z 0z 0z
N.\ R |
///
ol ol 0l 0l
\\\\ﬁ\\\\\“
0 0 0 0
0. 09 0S Oy 0c 0z Ob O 0% € 0€ 62 0Z §'L 0L G0 00 0e 0l 00 80 90 ¥0 20 00
N LdS (%) urensg supawinjop Kyaeg jo J0joe4 oney ssang 2119A9
G :(3@9)) LMO 28D 160 b ‘vod L'l rapnjiubely ayenbyje3 Z-9 :buunog

yidap 100} G 0] pajeipaway uonoedwo) punols)

POUISIN 4330N 8661/9661 aoe|djaye uehiweg

200-69120¢€ :ON 309foud

3ON3AIsans A3ONANI ANV TVILNILOd NOILIV43NOIT 40 NOILVNIVAT - SINILSAS HLYV3



(09)LN pues ues|D pues uead (09)LN
«mwo\émﬁmsw_w_o =4S o 1) 0e 14 (74 Sl ol S 0 00 o Se 0og e14 (4 S ol S 0 00
SO0 = N
((#vN4¥ 1. LE00000 0+EvNLSG8ZE000 0-2vN8LS600"0+N8+Z L 0-L)/(EvNLEL9 L0000 0-ZyN.9E L9000 0+N. L ZLF00°0-8+0°0) = § 24490 \
OM/4SN/DYSD = (4SO wea1as e 1’0 b 10
P1(0/00),¥9d,59°0 = baySO \
(OL/*'N) = 1 woL=ra 2 7
<0 %G = AT —e— e \
(420805 0-10)3r9'0 1 0140850 HO.D) 40 0°) JO UL = o %= A3 z0 @ 7’ 20 g
091Ny 4 SO0 = S9N %6 = AJ—— 3 \ »
(09)LN - (09)LNA((2°1(0001/5" LvO)+66'0'6€>04)41' L 'G=>04)1+(5'((2vO4/061)-9L" L)dxo'GE>0) 101 Ui = 09Ny %2 = A3 —— m_ \ m
((2v2.12100°0+5"1vZ,.502900'0-2.62250'0+5 OvZ4LL LY 0 LG LuZ,EGLLO0 0+2,25010'0+G OvZ.EL LY0-L) = PA b =A3—— & / &
%S0 = AF—— €0 w €0
*3HZ =S Gl Tugo(GLON) =73 151850°L = Bd) L0 = wie | = ed %Z'0 = AF—s— E \
2(02F%N), 4 =53 (w) yideq = z %ro=ra \
[ oL e+ I Or*La)dx3.e+1] = 4 seol/y7,0L = ASIN 70 70
(@oa(1/d),009 =9 13Ul INOUIM 1S 10} ((00LAOPN+L'E" U} | )xew = SO
¥zl 0+(1/d),68€0°0 = € L1 xew  (odune 1) = NO
so%nen X Na LYY =D (6 {(1)2)/955°2-099%" 1 ‘G- 0)xew L)l = o . 50 ol o -
- Ae. LY ‘N =
?oakwn_,mm.o =" wol <104 0L Emvwemmcm_mnow_ __ou ﬁz 0= “w, (1861) pooS B NSIEWNOL 104 T
LAP-OVIN) =N od,z9'0 =d N.°0,%0,%0,30,N0 = N UIBAS OHISWINIOA UOKoB}eNbIT-4s0d annD (2661) ¥IFON
€0-39'L 29Vl §TTT 8LVl 000 000 289 00L 'L €50°L 00Z'L €60 189 00L ¢6 L8S 00'L 00'L 160 680 0.2 902C [08e oge or €zl | ¥S 98 06¢
€0-30'C 200k 006°L €€TL| 0070 000 195 00L 6L ZL0'L 00Z'L 00°L L'9G 00L L8 L9y 00'L 00'L 00'L 260 190k ¥l [ 0ee oo0¢ or avL | 8¢ 19 0%¢
€0-31°'C 9€8°0 £89°L SO0O'L| 000 000 €€5 00L 8Ll 120l 00ZL 00°L €€5 00L 6L €€y 00L 860 OL'L ¥6'0 L.80 10SL | 082 0'GZ or 9€L | €€ €5 00¢
€0-36'v 099°0 66L°L 18.0] 980 L €2 T¢ €0  ZL0L ZPEO 00°L 622 88 ZG L'6L 00k €60 €21 960 8690 99L°L focz o0z or vel | vL 22 069z
€0-31°C L6¥'0 ¥l 2850 000 000 V8 69 SZ'L  /G6°0 00Z'L 00°h '8y 69 L ¥y 00L 9870 8€'L 160 9550 8980 [ 08L oGl 0z 6Ll | 6z 9¥ 00z
€0-39v 6£€0 168 ¢6S0| 880 ve'L g€ 6L Wwo S¥80 G¥E0 00L L'8Z §9 95 91Z 00 920 LG'L 860 OSy0 9850 [ ocL o0l 4 %% | Sl ¥Z 06l
€0-36'€ LST0 ¢9L 9620 910 890 60¢ 89 65’V /G0 00Z'L 00 606 89 65 L¥Z 00 GL0 OLL 860 €90 L¥v0 [ S0L G2 e 9l | 9L Sz G6
€0-3¢9 €/1'0 895 86L0] 000 000 te€z 09 ‘brIlruoN 2290 6520 00 v€Z 09 0§ +ZL 00L G20 OLL 660 G620 G620 f| 08 06 vz yns | [T TR )
200  $0-3€L ¥0-32'L ¥0-30°L /800 129 660°0f 200 €00 G988 00, ‘briruoN 1€9°0 00Z'L 00°L S98 00L ### 9L 00 GL0 OLL 00L 8¥L'0 8O f S S¢C ve 8Ll | 0 22 0§
0000
(uy) A Gs) sy sy (uy) (%) solony oy 0B LHSD  WMD sololy 0Oy (%) 10 (syod (sy)od [[(00)) (03) (%) (od)  (L100) N N (09
eouspisqns  ou3 sl uesns M1 g d  [feouspisans wess v 04 Kyajeg peonpul ejqelleAY oy  pueS ‘foy O 'sue @y SH ¥y Ng  pi 1dSIe  1dS e [[wbuel | dS o jusiuod IMHUN 1deosng 1dS PO uideq
pueg fuig ulens uens  Jeays pasnpuj  dLPBWNIOA jsod -oejenbil G /=N S L= ‘AInb3g 4ebbuy 1oy sseng'y3 ssengiol |l poy yideg seaulg lelo]l  jenbr |ep eseg
1'LL =9N ¥€'0  :4S pPajeInded wnwiuiy 1€°0 6 “491929y pjoysaiyL €9'0 ‘oney 1dS /PO [BD 199} 0'G 0} BeIpoWSy
0S'L  :d4S painbay SOA L 11dS 10} uOndBLI0D Jour Jojdwes 1994 0S 1 MO OBD
SANVS A¥A 40 (ION3aIsans) INIFWI1LLIS ) 0 Joddn 00’} :(%0) "uoQ "elq djoyaiog 199} 06 LMD
6L 0'¢  :(199}) punoib aroqe yibus poy €6°0 :4SW
souapisqng uneea L :(¥9) "uoQ poy eAug 160 16°0 :6'vod
pasnpu| 0Z'L (D) 09N 0} uonoau) ABiaug S 1L :epnjubep
:SNOILOIHHOD ANTVA N LdS INOLLYIWHOHNI 3MVNOHLYVI

308V ‘v 'ON ‘¥Zl I0A ‘IIOC ‘|opeid Aq p

SUIPON

3OSV ‘8'ON ‘L1 IOA'TIOr (£861) PeS pue nsjewnio | woy sishleuy Juswepes
308V ‘0L "ON ‘ZZL IOA ‘L00Z 4890100 (339r) Buliesulbu3 [EjUSWIOIIAUT PUE [BOIUYISIOSD) 4O [euInop
. (s1031pa ‘ssup| 8 pnoA) poyjaw doysyiom ¥YIION 8661 2 9661 Buisn sishjeuy uonoesanbiy :spoyja

Jsemyinog swasAs yeg - 93 ‘ 9d ‘39 ‘Id Uebums 7 uoyeys Aq L00z padojersq B bukiod
ION3AISENS ANNOYD AIONANI ANV TVILNILOd NOILOVIINDIT 40 SISATYNY TVOIRMIdNT 304 LIFHSAVIUCS V - STX'E€'Z A-A43N0OIT

S ‘18s eled ¢l-g :Buuog
6102/LL/1 :®%eq

200-69120€ :ON qor

aoe|djayJepy uekiweg :3oafoid



SaYdUl 6’| :92UBPISGNS PUNOIL) [B}JO] Pdjewl}s] 199} 0°0 :s49he ajqenenbi jJo ssauyolyy |ejol

(09)IN—6— N LdS=—e=— HH4O—8— YSO DI—+—
0S 0S 0S 0S
(0}% | ov (04 3 (04
./
AN oe § 0g 0€0 0eg
/ 2 il e ki
- 5 =3 5
4/// /Mﬂ\: /W: W /MM:
vv 0c 0z 0c 0¢
™~ oL oL 0l 0l
.m _
0 0 0 0
0. 09 05 Oy 0 0Z O O 0¥ G¢ 0€ GZ 0C Sb 0L S0 00 0C 0l 00 80 90 %0 TO 00
N LdS (%) urensg supawinjop Kyaeg jo J0joe4 oney ssang 2119A9
G :(3@9)) LMO 28D 160 b ‘vod L'l rapnjiubely ayenbyje3 €1-9 :buuog
yidap 100} G 0] pajeipaway uonoedwo) punols)
POUISIN 433ON 8661/9661 200-69120€ :ON 399foid aoe|dja).e|y uediweg

3ON3AIsans A3ONANI ANV TVILNILOd NOILIV43NOIT 40 NOILVNIVAT - SINILSAS HLYV3




SaydUl G'( :92UBPISqNS PUNOIL) [B}JO] Pdjewl}s] 199} 0°0 :s49he ajqenenbi jJo ssauyolyy |ejol

(09)IN—— N LdS=—e— HHO=0— YSO DF=—t—

0S 0S 0S 0S

oY ov oV (017

o
s}

(198)) yidaeg

(199y) yideq
(109)) YdsQy

(199y) yyded

0

N
o
N

N

AV oz 0

ol

B e B

_ 0 0 0 0

0. 09 05 Oy 0 0z Ob O 0¥ G¢ 0€ GZ 0C Sb 0L S0 00 0Z 0l 00 80 90 %0 TO 00
N LdS (%) urensg supawinjop Kyaeg jo J0joe4 oney ssang 2119A9
0S :(3@9)) LMD 21eD 19°0 :6‘vod Ll rapnjubep ayenbypeg €l-g :Buuog
yidap 100} G 0] pajeipaway uonoedwo) punols)
POUISIN ¥33DN 8661/9661 200-69120€ :ON 399foid aoe|djayieN uediweg

3ON3AIsans A3ONANI ANV TVILNILOd NOILIV43NOIT 40 NOILVNIVAT - SINILSAS HLYV3




SaydUl G'( :92UBPISqNS PUNOIL) [B}JO] Pdjewl}s] 199} 0°0 :s49he ajqenenbi jJo ssauyolyy |ejol

| (09IN—e— N.idS—e— YO —8—  HSD DI =i
|) >/ 0S 0S 0S F 09
N, oy ov o o
\\ cg g g it
= El 5 s
V 0z 0z 0z 0z
ol * ol (o]} (o]}
\\\\\\l -
_ 0 0 0 0
0. 09 05 Oy 0 0z Ob O 0% G€ 0€ GC 0Z &L 0L G0 00 0C 0l 00 80 90 ¥0 ZTO 00
N LdS (%) urensg supawinjop Kyaeg jo J0joe4 oney ssang 2119A9
0S :(3@9)) LMD 21eD 19°0 :6‘vod Ll rapnjubep ayenbypeg Z-a :bBuuog
yidap 100} G 0] pajeipaway uonoedwo) punols)
poyieN ¥33ON 8661/9661 200-69120¢ :oN 3o3foid aoe|djay ey ueljweg

3ON3AIsans A3ONANI ANV TVILNILOd NOILIV43NOIT 40 NOILVNIVAT - SINILSAS HLYV3




Z-9 :Bunog G'| )99} ‘Juswpaquy i 'O ‘peon

uolepljosuo)

0s 0S | fgpruosua payddy 0S Lo 0S

Sy S \ S S

o o o ov

ge ge Ge ge

0eg o¢ ey 0eJ
=1 ! e

s 14 ) >
&= ST Se~
—h o —h
g f g g

0z 0z 0z 0z~

Sl Sl — Sl Sl

[ | J
ol 0l ol \ ol
g g g g
\\\\
0 0 0 0
05 Oy 0¢ 0 0L O [4 b 0 L 9 6 v € 2 1 0 0L 80 90 ¥0 ZTO0 00
sanjeA N 1dS (19Ae] 0 9,) Juswopas (ys)) sossang |eo13doA 10joe 4 dduanjju|
¥€'0 :sdayoul ‘Juswa|yag 0G'L ) ‘aunssaid 1N 0'0% 4 ‘YibuaT G'C W UpIM
200-69120¢ aoe|d)aye|\ ueAiweg

SASATVNYV LNJNITLLIS - LSIMHLNOS SINILSAS HLYV3



Z-9 :Bunog 0'Z ‘1994 ‘Juswpaquy sdy L6 'D ‘peon

uolepljosuo)
0s 0S | fgpruosua payddy 0S Lo 0S
Sy S 4 S S
o o o ov
ge ge Ge ge
0eg o¢ ey 0eJ
gl =i gl
ST 14 o= S
3 g | 8
0z 0z 0z \ 0z~
Sl Sl Gl Sl
ol 0l ol \ ol
g g ~ S
g >
\\\
0 0 0 0
05 Oy 0¢ 0 0L O [4 b 0 L 9 6 v € 2 1 0 0L 80 90 ¥0 ZTO0 00
sanjeA N 1dS (19Ae] 0 9,) Juswopas (ys)) sossang |eo13doA 10joe 4 dduanjju|
6.°0 :saydul ‘Juawa|yag G8'l :4s) ‘aunssaid 1N 0’/ 4 ‘YybuaT 0L ‘¥ YpIM
200-69120¢ aoe|d)aye|\ ueAiweg

SASATVNYV LNJNITLLIS - LSIMHLNOS SINILSAS HLYV3




¢1-9g :Bbunog G'| )99} ‘Juswpaquy i 'O ‘peon

uolepljosuo)
0s 0S | fgpruoeu3 payddy 0S Lo 0S
Sy S \ S S
o o o ov
g’ Ge 1% 1% 1
0eg o¢ ey 0eJ
=1 ! e
s 14 ) >
&= ST Se~
—h o —h
: __ : :
0z 0z 0z 0z~
Sl Sl Gl Sl
ol H oo / ol \\ ol
g g g g
\\\\
0 0 0 0
05 Oy 0¢ 0 0L O [4 b 0 9 § ¥ € ¢ L o0 0L 80 90 ¥0 ZTO0 00
sanjeA N 1dS (19Ae] 0 9,) Juswopas (ys)) sossang |eo13doA 10joe 4 dduanjju|
¥€'0 :sdayoul ‘Juswa|yag 0G'L ) ‘aunssaid 1N 0'0% 4 ‘YibuaT G'C W UpIM
200-69120¢ aoe|d)aye|\ ueAiweg

SASATVNYV LNJNITLLIS - LSIMHLNOS SINILSAS HLYV3



¢1-9g :Bbunog

0°C 199} Juswpaqu3 sdiy 16 ‘O ‘peoT
uolepljosuo)
0s 0S | fgpruosua paiiddy 0S Lo 0S
Sy S S 414
o o o ov
g’ Ge 1% 1% 1
0eg o¢ ey 0eJ
2 = =
> = >
ST 14 o= S
g 8 | 8
0 0z 0z \ 0Z~
Sl \ Sl Gl Gl
ol \ 0l ol \ ol
m )| b
g >
- J— g P g
0 0 0 0
05 Oy 0¢ 0 0L O [4 b 9 § ¥ € ¢ L o0 0L 80 90 ¥0 ZTO0 00
sanjeA N 1dS (19Ae] 0 9,) Juswopas (ys)) sossang |eo13doA 10joe 4 dduanjju|
¥.'0 :sdydul ‘Juswa|yag G8'l :4s) ‘aunssaid 1N 0’/ 4 ‘YybuaT 0L ‘¥ YpIM

¢00-691¢0¢

aoe|d)aye|\ ueAiweg
S3SATVNY LNJN3ITL1LIS - LISIMHLNOS SINJLSAS HLYV3




pujs-aoe|didlely ueAiweg z00-69T20€

owen i

IWd 8t:2C:¢T '6102/6/T

aeq

SWIISAS ype3

Auedwon

€T

3/e25

Ag umesg

J13e1S - UONIPUOD UBLIND

uondsaq sisAjeuy|

2oe|diae ueAiweg

palosd

0208 13¥dy3LNI3AITS]

JUSIISO0U [

PRI B

00k
.

I R

woish)

20BJINS JDIBAN

€€

[44

qwio|no)-1yon

€Tt

v

woish)

20BJINS JDIBAN

[43

LL

qwojno)-1yo

T4

20D

NH

adA] nH

9Jeling J9lep\

(3ap)
ud

(3sd)
uoisayo)

adA] yrSuans

(€y/sq1)
WSdM NUN

10]0)

awep |elaleA

2H/sA1 00001

00€l

I02310®] A3oJes

O MW 0O ML OO MLU WO ML OOMLUH OO MLW WO
OO OO A A d N NNNOMMMOOMIT L T T 0NN o

UL L
ocel

T

I

[
ovel

09€l

[
BEl




pujs-aoe|didlely ueAiweg z00-69T20€ -

IWd 8t:2C:¢T '6102/6/T a0

SwiisAs ypeg Auediuon GETT

3/e25

Ag umesg

2IWSISS - UORIPUOD JULIND

uondsaq sisAjeuy|

2oe|diae ueAiweg

palosd

0208 13¥dy3LNI3AITS]

JUSIISO0U [

00k 08
L

1’0 A

€0 «

20e4ING
J31eAN

9¢ v8 quiojnod-1yo

€Tt

v

ERETINS
J31eAN

S€ oct quiojnod-1yo

Sct

eon

doepns | (Sap) (ysd)
J91eM | Iyd |uoisayod

ny adA] yiSuans

(€y/sal)
y3dM Hun

10]0)

awe el

N
NN

S

A
///////////

2H/sa1 00001

I02310®] A3oJes

O MW 0O ML OO MLU WO ML OOMLUH OO MLW WO
OO OO A A d N NNNOMMMOOMIT L T T 0NN o




pwis-aoe|dizdiey ueAiweg z00-69TZ0€ owen a1 IWd 8%:22:2T '6102/6/1 e CCOB ARINEANS
=25 3UBI0SD0J [ ]
llem buiuielsy pasodold ——— o
2oe|diae ueAiweg
palosd
orl oclL 00l 08 09 oy 0c 0
S S S [ S S [ T S S S N S (S S S AN S S S SO HN S S SO S I S S SR | P R R
PENS | oy Suauys a1uyu e Suluiels X%
oM A y38ua.s apuyu| st B | e Buueay '3
20elng [
o €€ 14 quoIN0)-IYOIN €11 [ ] W L
20elng L
oM 143 LL quIoN0D-IYON T4 [ ] oD i
aepns | Sulpys | (Ssp) [  (ysd) (ey/sa1) I
ny saaem | moiry | 14d | uojsaos adA] yrSuans WBBA 31U J0j0) | dwep |eldeAl L
+0°9 Xw
8°G L ©
GG L
€°q -
0°g r
4 8 v -
S'p r
[ i
0¥ I
,// . Tlr
S 8¢ | @
SN e '8
, / €€ L
O\ 0°¢ L
LeAvd VVVV (/ 8°z L
G°¢ -
£€°C r
21/sq1 00°00} O . N -
8°T r
ST I
€1 S
0°T I
8°0 B
G°0 L
€70 L
0°0 +
I02310®g A3ajes |




0208 13¥dy3LNI3AITS]

pui|s-aoe|dispiely uediweg z00-69T20€ ey IWd 8t:2C:¢T '6102/6/T aeq

SwasAS ypies Avecuucn YOOT  aeos wueeNIUDIDSDO] |

JIWSISS - ||leM Buluieysy pasodoud vondosag siskeu

2oe|diae ueAiweg

palosd
ovt 0ct 00} 08 09 ov 0C 0
PR | T P PR PR BT PR PR S | T P PR P S P PR S | T P PR S | T P PR S | T P PR S |- PR PR S |-

B
(o))
L O
T | woisny | aoepns sarem SIA y18uaJis auuyu| van . |lem Suiuielay W%
L O

T | woisn)y | aoepns sarem 9¢ 8 quioN0J-1YoN €11 [ ] W i

T | woisny | aoepns sazem se 0zI qwio|nod-1yo van D 20D -

suipyis | (Ssp) |  (ysd) (€y/sal) +0° r

> H s > m |

nH | adAL ny | adepng Jazepm moyy | md |uoisayos adA) yiduans WSIoM 1N J0j0) | awep |eudleA . r
. | @
o
. L O

AR rr'r

«

ch/sal 00°00L

1’0 A

€0 «

/
,%é;
OMINWO MINDOVOMLIWOMIWOMINOOMIO OO
CO0OO0OO0O A AAHANNNNMMMMST I I T WOWLWO W00
T T ‘
0cel

I02310®g A3ojes |




0208 13¥dy3LNI3AITS]

pui|s-aoe|dispiely uediweg z00-69T20€ ey IWd 8t:2C:¢T '6102/6/T aeq

SwasAS ypies Avecuucn 06TT  aeos wuesNIUDIDSIOO] |

uononisuo) Alelodwa ———

l

2oe|diae ueAiweg

palosd

00} 08 09 oy 4 0
L

I I S A S S S S S S A S S S S S S S S IS O S S TS S S SN A S ST ST SO S SO ST ST SO NN S S

a0epng
e | O 8 quIoN0J-IYON €11 [ ] W L

3oeyns
e, | SE oct quiojNod-1yo seT D 0D

aoepns | (Sap) |  (ysd) (€y/sa1)
" | iorem | 1ud |uoisayoy| HALBBURES | Lugiom qun | 10109 | PWEN IELEN +

O MW 0O ML OO MLU WO ML OOMLUH OO MLW WO
OO OO A A d N NNNOMMMOOMIT L T T 0NN o
T

2h/sq1 00°00L

I02310®] A3oJes




APPENDIX B

Laboratory Test Results

EARTH SYSTEMS PACIFIC



File No.: 302169-002
Lab No.: 18-178

UNIT DENSITIES AND MOISTURE CONTENT

January 17, 2019

ASTM D2937 & D2216

Job Name: Bamiyan Marketplace

Unit Moisture USCS

Sample Depth Dry Content Group

Location (feet) Density (pcf) (%) Symbol
B1 2.5 111 5 SM
B1 5 112 6 SM
B1 7.5 111 4 SM
B1 10 112 4 SM
B1 12.5 110 7 SM
B1 15 114 7 SM
B1 20 131 4 SP
B2 2.5 115 5 SM
B2 5 112 5 SM
B2 7.5 116 5 SM
B2 10 108 4 SM
B2 12.5 101 5 SP
B2 15 -- 3 SP
B2 20 119 6 SM
B2 25 123 14 SM
B2 30 141 SM
B2 35 130 SM
B2 40 132 SM
B2 45 129 11 SM
B3 5 115 SM
B3 7.5 114 SM
B3 10 128 SM
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File No.: 302169-002
Lab No.: 18-178

UNIT DENSITIES AND MOISTURE CONTENT

January 17, 2019

ASTM D2937 & D2216

Job Name: Bamiyan Marketplace

Unit Moisture USCS

Sample Depth Dry Content Group

Location (feet) Density (pcf) (%) Symbol
B4 2.5 123 SM

B4 15 128 6 SP-SM
B4 20 127 10 SM
B5 2.5 114 5 SM
B5 5 104 11 SM
B5 7.5 116 8 SM
B5 10 106 7 SM
B5 12.5 112 5 SM
B5 15 134 6 SM
B5 20 127 10 SM
B5 25 125 10 SM
B5 30 130 9 SP
B6 2.5 117 SM
B6 5 113 10 SM
B6 7.5 132 10 SM

B6 10 124 8 SP-SM
B7 5 108 7 SM

B7 7.5 105 6 SP-SM
B7 10 116 18 CL
B7 12.5 121 13 SC
B7 15 122 13 SC
B7 20 128 11 SM
B7 25 119 15 SM
B7 30 128 9 SP

EARTH SYSTEMS PACIFIC



File No.: 302169-002
Lab No.: 18-178

UNIT DENSITIES AND MOISTURE CONTENT

January 17, 2019

ASTM D2937 & D2216

Job Name: Bamiyan Marketplace

Unit Moisture USCS

Sample Depth Dry Content Group

Location (feet) Density (pcf) (%) Symbol
B8 2.5 124 SM
B8 5 116 SM
B8 7.5 114 SM
B8 10 126 12 SM
B9 2.5 121 10 SM
B9 5 127 9 SM
B9 7.5 114 12 SM
B9 10 119 14 SC
B9 15 122 13 SM
B9 20 122 12 SM
B9 25 117 12 SM
B10 2.5 120 SM
B10 5 124 SM
B10 7.5 113 16 SM
B10 10 120 14 SM
B11 5 121 8 SM
B11 7.5 127 9 SM
B11 10 129 10 SM
B11 15 128 10 SM
B11 20 129 10 SM
B11 25 124 12 SP
B11 30 118 14 SM
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File No.: 302169-002
Lab No.: 18-178

UNIT DENSITIES AND MOISTURE CONTENT

January 17, 2019

ASTM D2937 & D2216

Job Name: Bamiyan Marketplace

Unit Moisture USCS

Sample Depth Dry Content Group

Location (feet) Density (pcf) (%) Symbol
B12 2.5 117 SM
B12 5 110 6 SM
B12 10 119 13 SM
B12 15 115 10 SM
B12 20 118 14 SM
B13 2.5 114 3 SM
B13 5 107 4 SM
B13 7.5 109 6 SM
B13 10 104 9 SM
B13 15 112 6 SM
B13 20 116 15 SM
B13 25 120 13 SM
B13 30 130 12 SM
B13 35 111 11 SM
B14 2.5 120 5 SM
B14 5 113 5 SM
B14 7.5 111 4 SM
B14 10 106 4 SM
B14 15 111 8 SM
B14 20 108 6 SM
B14 25 109 10 SM
B14 30 129 12 SM
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File No.: 302169-002

Lab No.: 18-178

PLASTICITY INDEX

January 17, 2019

ASTM D 4318
Job Name: Bamiyan Marketplace
Sample ID: B7 @ 10 feet
Soil Description: Silty Sandy Clay (CL)
DATA SUMMARY TEST RESULTS
Number of Blows: 16 22 35 LIQUID LIMIT 32
Water Content, % 34.2 31.9 30.6 PLASTIC LIMIT 17
PLASTICITY INDEX 15
Flow Index
40
35 S .
N
[
e 25
S 20
o
§ 15
‘;" 10
5
0
10 Number of Blows 100
Plasticity Chart
70
60 / = /
. 50 //
= CH
i 40 //
2 30 ,/
= 2 o v
° /
10 _ P MH
LLTIL - ML
0
0 10 20 30 40 50 60 70 80 90 100
Liquid Limit
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File No.: 302169-002 1/17/2019
Lab No.: 18-178
SIEVE ANALYSIS ASTM D6913
Job Name: Bamiyan Marketplace
Sample ID: B1 @ 7 1/2 feet
Description: Silty Sand (SM)

Sieve Size % Passing
3" 100 -
2" 100 -
1-1/2" 100 -
1" 100 -
3/4" 100 -
1/2" 100 -
3/8" 100 -
#4 100 -
#10 96 -
#16 81 -
#30 62 -
#40 30 -
#100 23 -
#200 12.3 -
Coarse
100 Coarse Gravel Fine Gravel sand Medium Sand Fine Sand Silts and Clays
1 1 1 1 1
| [ [ | |
90 [ 1 1 [ [
1 [ [ 1 1
80 (] ] ] \ (] (]
1 1 1 1 1
1 1 1 1 1
70 1 1 1 \\ 1 1
! | | \Q 1 1
| 1 1 | |
oo 60 [ 1 1 \ | |
£ 1 1 1 1 1
a 50 ) } } \ \
a 1 1 1 1 1
X 1 [ [ 1 1
40 | | 1 1
1 1 1 1 1
1 1 1 |
30 1 1 1 1\\ 1
1 1 1 1 1
20 1 1 1 1 \.\\ 1
1 1 1 1 \;
1 [ [ 1
10 [ [ [ 1 1
1 1 1 1 1
() [ [ [ [ [
100 10 1 0.1 0.01
SIEVE Size, mm
% Coarse Gravel: 0 % Coarse Sand: 4
% Fine Gravel: 0 % Medium Sand: 66 Cu: NA
% Fine Sand: 18 Cc: NA Gradation
% Total Gravel 0 % Total Sand 88 % Fines: 12.3 NA
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File No.: 302169-002 1/17/2019
Lab No.: 18-178
SIEVE ANALYSIS ASTM D6913
Job Name: Bamiyan Marketplace
Sample ID: B2 @5 feet
Description: Silty Sand (SM)

Sieve Size % Passing
3" 100 -
2" 100 -
1-1/2" 100 -
1" 100 -
3/4" 100 -
1/2" 100 -
3/8" 100 -
#4 100 -
#10 98 -
#16 86 -
#30 75 -
#40 48 -
#100 31 -
#200 24.4 -
Coarse
100 ___._ Coarse Gravel Fine Gravel ' sand 4 Medium Sand Fine Sand Silts and Clays
1 1 1 1 1
| [ [ | |
90 [ 1 1 [ [
1 [ [ \\ 1 1
80 | | | \\ | |
1 1 1 1 1
1 1 1 \ 1 1
70 1 1 1 1 1
1 1 1 1 1
| 1 1 | |
00 60 [ 1 1 | |
£ 1 1 1 1 1
n 50 ) } } | \
& ! | | L 1
X | [ [ l\ 1
40 | | N |
1 1 1 1 \‘ :
1 1 1 1
30 | 1 1 | N
! | | 1 b
20 1 1 1 1 1
1 1 1 1 1
1 [ [ 1 1
10 [ [ [ 1 1
1 1 1 1 1
() [ [ [ [ [
100 10 1 0.1 0.01
SIEVE Size, mm
% Coarse Gravel: 0 % Coarse Sand: 2
% Fine Gravel: 0 % Medium Sand: 50 Cu: NA
% Fine Sand: 23 Cc: NA Gradation
% Total Gravel 0 % Total Sand 76 % Fines: 24.4 NA
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File No.: 302169-002

Lab No.: 18-178
SIEVE ANALYSIS

1/17/2019

ASTM D6913

Job Name: Bamiyan Marketplace

Sample ID: B2 @ 10 feet
Description: Silty Sand (SM)

Sieve Size % Passing
3" 100 -
2" 100 -
1-1/2" 100 -
1" 100 -
3/4" 100 -
1/2" 100 -
3/8" 100 -
#4 100 -
#10 92 -
#16 85 -
#30 74 -
#40 68 -
#100 46 -
#200 325 -
C Gravel Fine Gravel Coarse Medium Sand Fine Sand Sil d Cl
100 ___._ oarse Grave ine Gravel * Sand L edium San ine San ilts an: ays
| I A | |
| [ [ | |
90 1 1 1 [ [
] I I \ | |
80 1 1 1 \\\ 1 1
1 1 1 1 1
1 1 1 1 1
70 L) 1 1 \\ I
1 1 1 K 1
60 | [ [ | |
[ [ [ [ [
.%D | I I ' \ '
@ 50 4 ! ! ' N '
a 1 1 1 1 \.\ 1
X 1 [ [ 1 1
40 | | I (T
1 1 1 1 \*
) 1 1 |
30 1 1 1 1 1
1 1 1 1 1
20 1 1 1 1 1
1 1 1 1 1
| 1 1 1 1
10 1 [ [ 1 1
1 1 1 1 1
() [ [ [ [ [
100 10 1 0.1 0.01
SIEVE Size, mm
% Coarse Gravel: % Coarse Sand: 8
% Fine Gravel: % Medium Sand: 24 Cu: NA
% Fine Sand: 35 Cc: NA Gradation
% Total Gravel % Total Sand 67 % Fines: 32.5 NA
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File No.: 302169-002 1/17/2019
Lab No.: 18-178
SIEVE ANALYSIS ASTM D6913
Job Name: Bamiyan Marketplace
Sample ID: B13 @ 5 feet
Description: Silty Sand (SM)

Sieve Size % Passing
3" 100 -
2" 100 -
1-1/2" 100 -
1" 100 -
3/4" 100 -
1/2" 100 -
3/8" 100 -
#4 100 -
#10 92 -
#16 81 -
#30 65 -
#40 56 -
#100 34 -
#200 239 -
C Gravel Fine Gravel Coarse Medium Sand Fine Sand Sil d Cl
oarse Gravel ine Gravel Sand edium >an ine Sani ilts and Clays
10 . ™~ ! !
| [ [ | |
90 [ 1 1 [ [
! | | \ 1 1
80 (] ] ] (] (]
1 1 1 N 1 1
1 1 1 1 1
70 1 1 1 1 1
1 1 1 1 1
| 1 1 | |
o 60 177, | | !
£ | | | |
8 50 1 ' ' e\\ '
a 1 1 1 1 1
X 1 1 [ 1 1
40 | | 1 1
1 1 1 1 1
30 ] | | ] N ]
1 1 1 1 1
| I I | ™o
20 1 1 1 1 1
1 1 1 1 1
1 [ [ 1 1
10 [ [ [ 1 1
1 1 1 1 1
() [ [ [ [ [
100 10 1 0.1 0.01
SIEVE Size, mm
% Coarse Gravel: 0 % Coarse Sand: 8
% Fine Gravel: 0 % Medium Sand: 36 Cu: NA
% Fine Sand: 32 Cc: NA Gradation
% Total Gravel 0 % Total Sand 76 % Fines: 239 NA

EARTH SYSTEMS PACIFIC




File No.: 302169-002

Lab No.: 18-178
SIEVE ANALYSIS

1/17/2019

ASTM D6913

Job Name: Bamiyan Marketplace

Sample ID: B13 @ 15 feet
Description: Silty Sand (SM)

Sieve Size % Passing
3" 100 -
2" 100 -
1-1/2" 100 -
1" 100 -
3/4" 100 -
1/2" 100 -
3/8" 100 -
#4 100 -
#10 87 -
#16 76 -
#30 59 -
#40 51 -
#100 29 -
#200 20.2 -
C Gravel Fine Gravel Coarse Medium Sand Fine Sand Sil d Cl
100 ___._ oarse Grave ine Gravel Sand edium >an ine San ilts an ays
! | f\\ 1 1
| [ [ | |
90 1 1 1 AN [ [
| 1 1 \ 1 1
80 (] ] ] (] (]
1 1 1 1 1
1 1 1 \ 1 1
70 | 1 1 \ 1 L)
1 1 1 N\ 1 1
| [ [ | |
00 60 [ [ [ \ [ [
£ 1 1 1 1 1
2 50 fin | | \ ,
a 1 1 1 1 1
X 1 [ [ RN 1
40 | | 1 1
1 1 1 1 \ 1
) 1 1 | |
3011 I I | \ |
1 1 1 1 W
20 i i ! Ne
1 1 1 1 1
| 1 1 1 1
10 1 [ [ 1 1
1 1 1 1 1
() [ [ [ [ [
100 10 1 0.1 0.01
SIEVE Size, mm
% Coarse Gravel: % Coarse Sand: 12
% Fine Gravel: % Medium Sand: 36 Cu: NA
% Fine Sand: 31 Cc: NA Gradation
% Total Gravel % Total Sand 79 % Fines: 20.2 NA

EARTH SYSTEMS PACIFIC




File No.: 302169-002

Lab No.: 18-178
SIEVE ANALYSIS

1/17/2019

ASTM D6913

Job Name: Bamiyan Marketplace

Sample ID: P2 @ 4.5-5.0 feet
Description: Silty Sand (SM)

Sieve Size % Passing
3" 100 -
2" 100 -
1-1/2" 100 -
1" 100 -
3/4" 100 -
1/2" 100 -
3/8" 100 -
#4 98 -
#10 90 -
#16 82 -
#30 69 -
#40 62 -
#100 41 -
#200 313 -
C Gravel Fine Gravel Coarse Medium Sand Fine Sand Sil d Cl
100 ___._ oarse Grave ne ravi L Sand L edium San ine San ilts an: ays
1 1 *\ 1 1
| [ [ | |
90 [ 1 1 [ [
1 [ [ 1 1
(] ] ] (] (]
N i | N :
70
: | | % :
| 1 1 |
oo 60 [ 1 1 | \ |
% | | | | \ |
8 01T i i N :
[
X 1 [ [ 1 1
40 | | 1 \Q\ 1
1 1 1 1 \;
) 1 1 |
30 1 1 1 1 1
1 1 1 1 1
20 1 1 1 1 1
1 1 1 1 1
1 [ [ 1 1
10 [ [ [ 1 1
1 1 1 1 1
() [ [ [ [ [
100 10 1 0.1 0.01
SIEVE Size, mm
% Coarse Gravel: 0 % Coarse Sand: 8
% Fine Gravel: 2 % Medium Sand: 28 Cu: NA
% Fine Sand: 31 Cc: NA Gradation
% Total Gravel 2 % Total Sand 67 % Fines: 31.3 NA

EARTH SYSTEMS PACIFIC




File No.: 302169-002 1/17/2019
Lab No.: 18-178
SIEVE ANALYSIS ASTM D6913
Job Name: Bamiyan Marketplace
Sample ID: P4 @ 4.5-5.0 feet
Description: Silty Sand (SM)

Sieve Size % Passing
3" 100 -
2" 100 -
1-1/2" 100 -
1" 100 -
3/4" 100 -
1/2" 100 -
3/8" 100 -
#4 98 -
#10 91 -
#16 83 -
#30 71 -
#40 64 -
#100 45 -
#200 37.4 -
C Gravel Fine Gravel Coarse Medium Sand Fine Sand Sil d Cl
100 ___._ oarse Grave ine Gravel L Sand L edium San ine San ilts an: ays
1 1 \?‘\ 1 1
| [ [ | |
90 [ 1 1 [ [
1 [ [ 1 1
80 (] ] ] (] (]
1 1 1 N 1 1
0 LD I I \.\ | |
L) 1 1 L) L)
1 1 1 \k 1
| 1 1 |
00 60 | [ [ 1| N |
£ 1 1 1 1 1
n 50 ) } } \ \
& ! | | 1 1
X 1 [ [ 1 1
40 | | 1
1 1 1 1 \*
) 1 1 | |
30 1 1 1 1 1
0 L ! ! ! !
| | | | |
1 [ [ 1 1
10 [ [ [ 1 1
o L | | | |
100 10 1 0.1 0.01
SIEVE Size, mm
% Coarse Gravel: 0 % Coarse Sand: 7
% Fine Gravel: 2 % Medium Sand: 27 Cu: NA
% Fine Sand: 26 Cc: NA Gradation
% Total Gravel 2 % Total Sand 61 % Fines: 37.4 NA
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File No.: 302169-002
Job Name: Bamiyan Marketplace
Lab Number: 18-178

AMOUNT PASSING NO. 200 SIEVE

January 17, 2019

ASTM D 1140

Fines USCS
Sample Depth Content Group
Location (feet) (%) Symbol
B5 5 39.7 SM
B9 10 42.9 SC
B12 20 39.8 SM
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File No.: 302169-002 January 17, 2019
Lab No.: 18-178

CONSOLIDATION TEST ASTM D 2435 & D 5333
Bamiyan Marketplace Initial Dry Density: 106.7 pcf
B2 @ 5 feet Initial Moisture: 5.3%

Specific Gravity: 2.67

Silty Sand (SM) Initial Void Ratio: 0.563

Ring Sample
Hydrocollapse: 2.4% @ 2.0 ksf

% Change in Height vs Normal Pressure Diagram

-—g==Before Saturation =z Hydrocollapse
B After Saturation === Rebound
Poly. (After Saturation)

N

Percent Change in Height
o

9

-10

-11

-12

0.1 1.0 10.0
Vertical Effective Stress, ksf
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File No.: 302169-002 January 17, 2019
Lab No.: 18-178

CONSOLIDATION TEST ASTM D 2435 & D 5333
Bamiyan Marketplace Initial Dry Density: 101.6 pcf
B2 @ 10 feet Initial Moisture: 5.1%

Specific Gravity: 2.67

Silty Sand (SM) Initial Void Ratio: 0.640

Ring Sample
Hydrocollapse: 1.4% @ 2.0 ksf

% Change in Height vs Normal Pressure Diagram

-—g==Before Saturation =z Hydrocollapse
B After Saturation === Rebound
Poly. (After Saturation)

Percent Change in Height
o

9

-10

-11

-12

0.1 1.0 10.0
Vertical Effective Stress, ksf
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File No.: 302169-002
Lab No.: 18-178

CONSOLIDATION TEST

January 17, 2019

ASTM D 2435 & D 5333

Bamiyan Marketplace
B2 @ 15 feet

Silty Sand w/Trace Clay (SM)

Initial Dry Density: 124.9 pcf
Initial Moisture: 3.1%
Specific Gravity: 2.67

Initial Void Ratio: 0.151

Ring Sample
Hydrocollapse: 0.4% @ 2.0 ksf
% Change in Height vs Normal Pressure Diagram
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File No.: 302169-002 January 17, 2019
Lab No.: 18-178

CONSOLIDATION TEST ASTM D 2435 & D 5333
Bamiyan Marketplace Initial Dry Density: 119.0 pcf
B7 @ 10 feet Initial Moisture: 9.0%

Specific Gravity: 2.67

Silty Sandy Clay (CL) Initial Void Ratio: 0.401

Ring Sample
Hydrocollapse: 0.9% @ 2.0 ksf
% Change in Height vs Normal Pressure Diagram
-—g==Before Saturation =z Hydrocollapse
B After Saturation === Rebound
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File No.: 302169-002 January 17, 2019
Lab No.: 18-178

CONSOLIDATION TEST ASTM D 2435 & D 5333
Bamiyan Marketplace Initial Dry Density: 119.2 pcf
B13 @ 5 feet Initial Moisture: 12.6%

Specific Gravity: 2.67

Silty Sand (SM) Initial Void Ratio: 0.399

Ring Sample
Hydrocollapse: 1.1% @ 2.0 ksf
% Change in Height vs Normal Pressure Diagram
-—g==Before Saturation =z Hydrocollapse
B After Saturation === Rebound
Poly. (After Saturation)
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File No.: 302169-002
Lab No.: 18-178

CONSOLIDATION TEST

January 17, 2019

ASTM D 2435 & D 5333

Bamiyan Marketplace
B13 @ 10 feet

Silty Sand w/Gravel (SM)

Initial Dry Density: 119.1 pcf
Initial Moisture: 9.7%
Specific Gravity: 2.67

Initial Void Ratio: 0.400

Ring Sample
Hydrocollapse: 0.9% @ 2.0 ksf
% Change in Height vs Normal Pressure Diagram
-—g==Before Saturation =z Hydrocollapse
B After Saturation === Rebound
Poly. (After Saturation)
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File No.: 302169-002 January 17, 2019
Lab No.: 18-178

CONSOLIDATION TEST ASTM D 2435 & D 5333
Bamiyan Marketplace Initial Dry Density: 121.2 pcf
B13 @ 15 feet Initial Moisture: 9.7%

Specific Gravity: 2.67

Silty Sand (SM) Initial Void Ratio: 0.376

Ring Sample
Hydrocollapse: 0.9% @ 2.0 ksf
% Change in Height vs Normal Pressure Diagram
-—g==Before Saturation =z Hydrocollapse
B After Saturation === Rebound
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File No.: 302169-002 January 17, 2019
Lab No.: 18-178

CONSOLIDATION TEST ASTM D 2435 & D 5333
Bamiyan Marketplace Initial Dry Density: 124.8 pcf
B13 @ 20 feet Initial Moisture: 9.8%

Specific Gravity: 2.67

Silty Sand (SM) Initial Void Ratio: 0.336

Ring Sample
Hydrocollapse: 0.5% @ 2.0 ksf

% Change in Height vs Normal Pressure Diagram

-—g==Before Saturation =z Hydrocollapse
B After Saturation === Rebound
Poly. (After Saturation)
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File No.: 302169-002 January 17, 2019
Lab No.: 18-178
EXPANSION INDEX ASTM D-4829

Job Name: Bamiyan Marketplace
Sample ID: B2 @ 2.5 feet
Soil Description: Silty Sand w/Trace Clay (SM)

Initial Moisture, %: 8.4
Initial Compacted Dry Density, pcf: 116.3
Initial Saturation, %: 51
Final Moisture, %: 17.1
Volumetric Swell, %: 0.3
Expansion Index, El: 3 Very Low

El ASTM Classification

0-20 |Very Low

21-50 |Low
51-90 |Medium
91-130 [High

>130 [Very High

EARTH SYSTEMS PACIFIC



File No.: 302169-002 January 17, 2019
Lab No.: 18-178

MAXIMUM DRY DENSITY / OPTIMUM MOISTURE ASTM D 1557 (Modified)
Job Name: Bamiyan Marketplace Procedure Used: A
Sample ID: 1 Preparation Method: Moist

Location: B13 @ 0-5 feet Rammer Type: Mechanical
Description: Brown Silty F - M Sand (SM) Lab Number: 18-178
Sieve Size % Retained (Cumulative)
Maximum Dry Density: 132.3 pcf 3/4" 0.0
Optimum Moisture: 8.3% 3/8" 0.3
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File No.: 302169-002 1/17/2019
Lab No.: 18-178
SOIL CHEMICAL ANALYSES

Job Name: Bamiyan Marketplace
Job No.: 302169-002
Sample ID: B3 B13
Sample Location: 2.5 feet 0-5 feet
Resistivity (Units)

as-received (ohm-cm) 36,400 52,000

saturated (ohm-cm) 17,200 13,200

pH 7.3 7.2

Electrical Conductivity (mS/cm) 0.02 0.04

Chemical Analyses

Cations

calcium Ca*" (mg/kg) 6 12

magnesium Mg (mg/kg) 1.4 1.9

sodium Na'* (mg/kg) 27 31

potassium K'* (mg/kg) 1.7 22

Anions

carbonate CO,* (mg/kg) ND ND

bicarbonate HCO;' (mg/kg) 43 76

fluoride F'" (mg/kg) 0.7 ND

chloride CI"™ (mg/kg) 2.9 6.4

sulfate SO, (mg/kg) 2.7 16

phosphate PO,* (mg/kg) 2 17

Other Tests

ammonium NH,"* (mg/kg) ND ND

nitrate NO," (mg/kg) 3.3 4.4

sulfide S* (qual) na na

Redox (mV) na na

Note: Tests performed by Subcontract Laboratory: mg/kg = milligrams per kilogram (parts per million) of dry soil.
HDR Engineering, Inc. Redox = oxidation-reduction potential in millivolts
431 West Baseline Road ND = not detected
Calremont, California 91711 Tel: (909) 962-5485 na = not analyzed

T.O.P. = top of pipe

Resistivity per ASTM G187, Cations per ASTM D6919, Anions per ASTM D4327, and Alkalinity per APHA 2320-B. Electrical conductivity in millisiemens/cm
and chemical analyses were made on a 1:5 soil-to-water extract.

General Guidelines for Soil Corrosivity

Chemical Agent Amount in Soil Degree of Corrosivity
Soluble 0-1,000 mg/Kg (ppm) [ 0-.1%] Low
Sulfates’ 1,000 - 2,000 mg/Kg (ppm) [0.1-0.2%) Moderate
2,000 - 20,000 mg/Kg (ppm) [0.2-2.0%)] Severe
> 20,000 mg/Kg (ppm) [>2.0%] Very Severe
Resistivity’ 0- 900 ohm-cm Very Severely Corrosive
(Saturated) 900 to 2,300 ohm-cm Severely Corrosive
2,300 to 5,000 ohm-cm Moderately Corrosive
5,000-10,000 ohm-cm Mildly Corrosive
10,000+ ohm-cm Progressively Less Corrosive

1 - General corrosivity to concrete elements. American Concrete Institute (ACl) Water Soluble Sulfate in Soil by Weight,
ACI 318, Tables 4.2.2 - Exposure Conditions and Table 4.3.1 - Requirements for Concrete Exposed to Sulfate-Containing
Solutions. It is recommended that concrete be proportioned in accordance with the requirements of the two ACI tables
listed above (4.2.2 and 4.3.1). The current ACI should be referred to for further information.

2 - General corrosivity to metallic elements (iron, steel, etc.). Although no standard has been developed and accepted by
corrosion engineering organizations, it is generally agreed that the classification shown above, or other similar
classifications, reflect soil corrosivity. Source: Corrosionsource.com. The classification presented is excerpted from ASTM
STP 1013 titled “Effects of Soil Characteristics on Corrosion” (February, 1989)

3 - Earth Systems does not practice corrosion engineering. Results should be reviewed by an engineer competent in
corrosion evaluation, especially in regard to nitrites and ammonium.

EARTH SYSTEMS PACIFIC




January 17, 2019

File No.: 302169-002

EXUDATION PRESSURE CHART
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Cover Thickness by Expansion Pressure (Ft)
JOB NAME: Bamiyan Marketplace
SAMPLE I. D.: B-13@0-5'
SOIL DESCRIPTION: Silty Sand (MS)
SPECIMEN NUMBER A B C
EXUDATION PRESSURE 461 302 145
RESISTANCE VALUE 73.6 52.0 16.2
EXPANSION DIAL(0.0001") 0 0 0
EXPANSION PRESSURE (PSF) 0.0 0.0 0.0
% MOISTURE AT TEST 8.7 9.8 11.0
DRY DENSITY AT TEST 126.6 126.9 125.2
R-VALUE @ 300 PSI EXUDATION 52
R-VALUE by Expansion Pressure* N/A

*Based on Traffic Index = 8.00 & Gravel Factor = 1.34

EARTH SYSTEMS PACIFIC




4500
4000
3500 1
3000
[
73
e
5 2500
n
2
5
7]
(2]
£ 2000 _ ULTIMATE
©
(]
K=
7]
1500
1000
500
74
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Normal Load (psf)
4500
4000 1000 psf 2000 psf 4000 psf
= 3500 1
173
£ 3000 |
@
@ 2500
7]
o 2000
£
& 1500
[
K-
® 1000 -
500 7/—’\
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Horizontal Displacement (in.)

DIRECT SHEAR DATA*
B13 @ 0-5 feet
Silty Sand (SM)

Sample Location:
Material:

Dry Density (pcf): 119 (90% remolded

DIRECT SHEAR TEST

Bamiyan Marketplace

Lake Elsinore, California

Moisture Content (%): 8.3 14.0

Saturation (%): ##HH# #VALUE!
Peak Ultimate

¢ Angle of Friction (degrees): 35 32

¢ Cohesive Strength (psf): 180 110

Test Type: Peak and Ulitimate

Shear Rate (in/min): ~ 0.007

e

* Test Method: ASTM D-3080

1/17/2019 | 302169-002
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DIRECT SHEAR DATA*
TL-1 @ 0-1 feet
Silty Sand (SM)

Sample Location:
Material:

Dry Density (pcf): 108.0
Initial
Moisture Content (%): 16
Saturation (%): 79
Peak
¢ Angle of Friction (degrees): 36
¢ Cohesive Strength (psf): 120
Test Type: Peak and Ulitimate
Shear Rate (in/min): ~ 0.007

* Test Method: ASTM D-3080
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Lake Elsinore, California

) e

1/17/2019

| 302169-002




Appendix 4: Historical Site Conditions

Phase | Environmental Site Assessment or Other Information on Past Site Use
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ADVANTAGE

ENVIRONMENTAL
CONSULTANTS, LLC.

June 21, 2019

Debbie Kinsinger

Kinsinger Environmental Consulting
5700 Baltimore Dr. #53

La Mesa, California 91942

Re:  Regulatory/Historical Review and Environmental Opinion
15749 Grand Avenue
Lake Elsinore, California
AEC Project No. 19-315SD

Dear Mr. Kinsinger:

Advantage Environmental Consultants, LLC (AEC) has completed an environmental
review of the property located at 15749 Grand Avenue in Lake Elsinore, California (Site).
The Site is a reported 12.55 acres in size and is further identified by County of Riverside
Assessor’s Parcel Numbers 381-320-020 and -023. The Site is situated generally north of
Lake Terrace Drive, south of Grand Avenue, east of Macy Street and west of Ortega
Highway (Highway 74).

Site Reconnaissance

A reconnaissance of the Site was conducted by Kinsinger Environmental Consulting. The
Site was examined for evidence of the following potential environmental concerns:

Not
Conditions Observed
or Noted

Observed Significant
or Noted Concern?

Hazardous Substances/Petroleum Products
Waste Generation/Storage/Disposal
Aboveground Storage Tanks

Underground Storage Tanks
Polychlorinated Biphenyl Containing Equipment
Chemical/Petroleum Odors

Pools of Liquid

Floor Drains/Sumps/Wells

Drums

Stains or Corrosion

Unidentified Substance Containers

Stained Soil or Pavement

Stressed Vegetation

Pits, Ponds or Lagoons

Wastewater Discharges/Disposal Systems
Septic Systems/Cesspools

XX XXX XXX XXX XXX [X [ >

145 Vallecitos De Oro  Suite 201 San Marcos, CA92069  Phone: 760-744-3363  Fax: 760-744-3383  Email: dweis@aec-env.com



15749 Grand Avenue, Lake Elsinore, California AEC Project 18-255SD

Regulatory/Historical Review and Environmental Opinion June 21, 2019

Not L

Conditions Observed CloEErE) P gt

or Noted Concern?

or Noted

Non-Hazardous Solid Waste Disposal Areas X -
Drinking Water Systems/Water Wells X -
Other Wells X No

No significant environment concerns were noted during the Site reconnaissance. Several
groundwater monitoring wells were observed on site that were drilled to document depth
to water table.

Regulatory Database Review

AEC reviewed Federal, State and local-level environmental databases searched by
Environmental (EDR) for information pertaining to documented and/or suspected
releases of regulated hazardous substances and/or petroleum products at the Site and
within specified search distances from the Site.

AEC also reviewed unmappable sites listed in the environmental database report by
cross-referencing addresses and site names. Unmappable sites are sites that cannot be
plotted with confidence, but can be located by zip code or city name. In general, a site
cannot be mapped because of inaccurate or missing location information in the record
provided by the regulatory agency. Any unmappable sites that AEC identifies within the
specified search radii were evaluated as part of the preparation of this report.

The following Federal databases related to potential on-site and off-site sources of
contamination were reviewed and interpreted by AEC:

Search Distance From

Federal Databases Site
National Priorities List (NPL) One mile
Delisted NPL One mile
Superfund Enterprise Management System (SEMS) Former

CERCLIS One-half mile

Superfund Enterprise Management System Archive (SEMS

ARCHIVE) Former CERCLIS NFRAP One-half mile

Resource Conservation and Recovery Act (RCRA) CORRACTS

Hazardous Waste Treatment, Storage and Disposal (TSD) One mile
Facilities

RCRA non-CORRACTS Hazardous Waste TSD Facilities One-half mile
RCRA Hazardous Waste Generators (RCRA GEN) One-eighth mile
Emergency Response Notification System (ERNS) One-eighth mile
Federal Institutional/Engineering Control Registries (IC/EC) One-half mile

The following State/local databases related to potential on-site and off-site sources of
contamination were also searched and reviewed:

Search Distance From
Site

One mile

State/Local Databases

State-equivalent NPL and CERCLIS (RESPONSE and
Envirostor)




15749 Grand Avenue, Lake Elsinore, California AEC Project 18-255SD

Regulatory/Historical Review and Environmental Opinion June 21, 2019
State/Local Databases SHEE Dlssittaence e
State Voluntary Cleanup Sites (VCP) One-half mile
State Landfill and/or Solid Waste Disposal Sites (SWF/LF) One-half mile
State Leaking Storage Tank (LUST, SLIC, SAM) One-half mile
State Registered Storage Tank (UST, AST) One-eighth mile
State Brownfields One-half mile

Descriptions/sources of each of the above referenced regulatory databases and the dates
these databases were last updated by the applicable regulatory agencies are included in
the EDR reports In addition, several non-ASTM databases were searched that are not
listed in the table above. Descriptions of these databases and dates that these databases
were updated are also included in the EDR report.

The Site is not listed on any of the standard ASTM or non-ASTM databases searched by
EDR. Several listings mapped between one-eighth to one mile from the Site were listed
on various regulatory databases. Such properties are not considered to be of likely
environmental concern to the Site. This opinion is based on several factors including the
nature of the regulatory database listings, distance of the off-Site listed properties from
the Site, orientation of the listed properties relative to the Site, interpreted direction of
groundwater flow, and/or regulatory case status information for the various properties as
described in the databases.

Historical Review

A review of a historical aerial photographs and topographic maps indicates that the Site
was formerly utilized for agricultural purposes prior to its current condition. During
historical agricultural activities throughout the State of California, various pesticides and
more specifically organochlorine pesticides were commonly applied during the normal
course of agricultural operations. Such compounds have since been banned from
production and use in the United States. Section 105215 of the California Health and
Safety Code discusses the regulatory reporting of incidents that pertain to pesticide spills
and accidental releases of pesticide products. Based on the regulatory and historical
research completed during the preparation of this assessment, no information has been
revealed that would lead AEC to believe that an accidental spill or release of pesticide
products has occurred at the Site. In addition, neither stressed vegetation, nor evidence
of the storage of pesticides was observed on the property during the Site reconnaissance
or based on regulatory and historical research reviews. However, if the client desires a
higher level of confidence regarding the potential presence of residual agricultural
chemicals in Site soils, sampling and analysis can be performed.

Site Owner Interview
The Site owner is unaware of environmental concerns in connection with the Site.
Environmental Opinion

Based on the resources consulted during this assessment, AEC has not identified
significant environmental concerns associated with the Site. As stated previously, if the



15749 Grand Avenue, Lake Elsinore, California AEC Project 18-255SD
Regulatory/Historical Review and Environmental Opinion June 21, 2019

client desires a higher level of confidence regarding the potential presence of residual
agricultural chemicals in Site soils, sampling and analysis can be performed.
User Reliance and Limitations

This report was prepared for use solely and exclusively by the client. The report is not for
the use or benefit of, nor may it be relied upon by, any other person or entity for any
purpose without the advance written consent of AEC. This report was conducted in
accordance with the scope of services described in the proposal for the completion of this
evaluation. No other warranties either express or implied, are made by AEC. AEC’s
evaluations, analyses, and opinions should not be taken as representations regarding
actual subsurface conditions beneath the Site or the value of the Site. Subsurface
conditions may differ from the conditions implied by the regulatory records
documentation, and can only be reliably evaluated through intrusive techniques. While
some observations and discussion in this report may address conditions and/or
operations that may be regulated, the regulatory compliance of those conditions and/or
operations is outside the scope of this investigation. Nothing in this report constitutes a
legal opinion or legal advice. For information regarding specific individual or
organizational liability, AEC recommends consultation with independent legal counsel.
The scope of services completed as part of this also does not represent one of the
practices that constitutes “all appropriate inquiry into the previous ownership and uses of
the Site consistent with good commercial or customary practice” as defined in 42 USC
Section 9601(35)(B); and consequently, does not satisfy the requirements that permit the
user to qualify for the innocent landowner defense or other regulatory immunities under
CERCLA liability.

Closure

We appreciate the opportunity to be of service on this project. If you should have any
questions regarding this report, or if we can be of further assistance, please contact me at
(760) 744-3363.

Sincerely,

Advantage Environmental Consultants, LLC

L0 wbe

Daniel Weis

Branch Manager
Western Regional Office
Attachment:

Regulatory Database Report



Appendix 5: LID Infeasibility

LID Technical Infeasibility Analysis

N/A
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Appendix 4: Historical Site Conditions

Phase | Environmental Site Assessment or Other Information on Past Site Use
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Appendix 5: LID Infeasibility

LID Technical Infeasibility Analysis
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Appendix 6: BMP Design Details

BMP Sizing, Design Details and other Supporting Documentation

See WQMP / DMA Exhibit for Discretionary Phase
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3.5 Bioretention Facility

Type of BMP LID — Bioretention
Treatment Mechanisms Infiltration, Evapotranspiration, Evaporation, Biofiltration
Maximum Drainage Area This BMP is intended to be integrated into a project’s landscaped area in a

distributed manner. Typically, contributing drainage areas to Bioretention
Facilities range from less than 1 acre to a maximum of around 10 acres.

Other Names Rain Garden, Bioretention Cell, Bioretention Basin, Biofiltration Basin,
Landscaped Filter Basin, Porous Landscape Detention

Description
Bioretention Facilities are shallow, vegetated basins underlain by an engineered soil media.

Healthy plant and biological activity in the root zone maintain and renew the macro-pore space
in the soil and maximize plant uptake of pollutants and runoff. This keeps the Best
Management Practice (BMP) from becoming clogged and allows more of the soil column to
function as both a sponge (retaining water) and a highly effective and self-maintaining biofilter.
In most cases, the bottom of a Bioretention Facility is unlined, which also provides an
opportunity for infiltration to the extent the underlying onsite soil can accommodate. When the
infiltration rate of the underlying soil is exceeded, fully biotreated flows are discharged via
underdrains. Bioretention Facilities therefore will inherently achieve the maximum feasible
level of infiltration and evapotranspiration and achieve the minimum feasible (but highly
biotreated) discharge to the storm drain system.

Siting Considerations
These facilities work best when they are designed in a relatively level area. Unlike other BMPs,

Bioretention Facilities can be used in smaller landscaped spaces on the site, such as:

v" Parking islands
v" Medians
v" Site entrances

Landscaped areas on the site (such as may otherwise be required through minimum
landscaping ordinances), can often be designed as Bioretention Facilities. This can be
accomplished by:

e Depressing landscaped areas below adjacent impervious surfaces, rather than elevating
those areas

e Grading the site to direct runoff from those impervious surfaces into the Bioretention
Facility, rather than away from the landscaping

e Sizing and designing the depressed landscaped area as a Bioretention Facility as
described in this Fact Sheet

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012

Page 1



Bioretention Facilities should however not be used downstream of areas where large amounts
of sediment can clog the system. Placing a Bioretention Facility at the toe of a steep slope
should also be avoided due to the potential for clogging the engineered soil media with erosion
from the slope, as well as the potential for damaging the vegetation.

Design and Sizing Criteria
The recommended cross section necessary for a Bioretention Facility includes:

e \egetated area
e 18" minimum depth of engineered soil media
e 12' minimum gravel layer depth with 6' perforated pipes (added flow control features

such as orifice plates may be required to mitigate for HCOC conditions)
5" MINIMUM TOP WIDTH

2' VARIES 2'
(DEPTH X SIDE SLOPE) 2" MINIMUR (DEPTH X SIDE SLOPE)

CALTRANS D73 TYPE G-1 OR
. FUNCTIONAL EQUIVALENT
DROP INLET

SLOTTED CURB PONDING DEPTH
GRAVEL PAD 6" MAXIMUNM PARKING OR DRIVE AISLE (TYP)
PARKING OR DRIVE AISLE tTYPJ\B‘ F /

SNRRSR e B v }/ \ == 77
Vo L LT ‘

-~ MATURE VEGETATION | =7 »* *

il

18" - 36" ] BT NI
ENGINEERED |- o -TAND 2-3'MULCHLAYER -

SOIL MEDIA 1.
I
L -

~ PERFORATED PIPE

TIE SUBDRAIN INTO INLET
RETAINING WALL TYPE 1A PER

CALTRANS STANDARD B3-3 OR
ENGINEERED ALTERNATIVE BASED
ON GEOTECHNICAL PARAMETERS

While the 18-inch minimum engineered soil media depth can be used in some cases, it is
recommended to use 24 inches or a preferred 36 inches to provide an adequate root zone for
the chosen plant palate. Such a design also provides for improved removal effectiveness for
nutrients. The recommended ponding depth inside of a Bioretention Facility is 6 inches;
measured from the flat bottom surface to the top of the water surface as shown in Figure 1.

Because this BMP is filled with an engineered soil media, pore space in the soil and gravel layer
is assumed to provide storage volume. However, several considerations must be noted:

e Surcharge storage above the soil surface (6 inches) is important to assure that design
flows do not bypass the BMP when runoff exceeds the soil’s absorption rate.

e In cases where the Bioretention Facility contains engineered soil media deeper than 36
inches, the pore space within the engineered soil media can only be counted to the 36-
inch depth.

e A maximum of 30 percent pore space can be used for the soil media whereas a
maximum of 40 percent pore space can be use for the gravel layer.

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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Figure 1: Standard Layout for a Bioretention Facility



BIORETENTION FACILITY BMP FACT SHEET

Engineered Soil Media Requirements

The engineered soil media shall be comprised of 85 percent mineral component and 15 percent
organic component, by volume, drum mixed prior to placement. The mineral component shall
be a Class A sandy loam topsoil that meets the range specified in Table 1 below. The organic
component shall be nitrogen stabilized compost’, such that nitrogen does not leach from the
media.

Table 1: Mineral Component Range Requirements

Percent Range

70-80 Sand
15-20 Silt
5-10 Clay

The trip ticket, or certificate of compliance, shall be made available to the inspector to prove
the engineered mix meets this specification.

Vegetation Requirements

Vegetative cover is important to minimize erosion and ensure that treatment occurs in the
Bioretention Facility. The area should be designed for at least 70 percent mature coverage
throughout the Bioretention Facility. To prevent the BMP from being used as walkways,
Bioretention Facilities shall be planted with a combination of small trees, densely planted
shrubs, and natural grasses. Grasses shall be native or ornamental; preferably ones that do not
need to be mowed. The application of fertilizers and pesticides should be minimal. To maintain
oxygen levels for the vegetation and promote biodegradation, it is important that vegetation
not be completely submerged for any extended period of time. Therefore, a maximum of 6
inches of ponded water shall be used in the design to ensure that plants within the Bioretention
Facility remain healthy.

A 2 to 3-inch layer of standard shredded aged hardwood mulch shall be placed as the top layer
inside the Bioretention Facility. The 6-inch ponding depth shown in Figure 1 above shall be
measured from the top surface of the 2 to 3-inch mulch layer.

Curb Cuts

To allow water to flow into the Bioretention Facility, 1-foot-wide (minimum) curb cuts should
be placed approximately every 10 feet around the perimeter of the Bioretention Facility. Figure
2 shows a curb cut in a Bioretention Facility. Curb cut flow lines must be at or above the Vgue
water surface level.

! For more information on compost, visit the US Composting Council website at: http://compostingcouncil.org/

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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BIORETENTION FACILITY BMP FACT SHEET
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Figure 2: Curb Cut located in a Bioretention Facility

To reduce erosion, a gravel pad shall be placed
at each inlet point to the Bioretention Facility.
The gravel should be 1- to 1.5-inch diameter in
size. The gravel should overlap the curb cut
opening a minimum of 6 inches. The gravel pad
inside the Bioretention Facility should be flush
with the finished surface at the curb cut and
extend to the bottom of the slope.

In addition, place an apron of stone or concrete,
a foot square or larger, inside each inlet to
prevent vegetation from growing up and
blocking the inlet. See Figure 3.

Figure 3: Apron located in a Bioretention Facility

Terracing the Landscaped Filter Basin

It is recommended that Bioretention Facilities be level. In the event the facility site slopes and
lacks proper design, water would fill the lowest point of the BMP and then discharge from the
basin without being treated. To ensure that the water will be held within the Bioretention
Facility on sloped sites, the BMP must be terraced with nonporous check dams to provide the
required storage and treatment capacity.

The terraced version of this BMP shall be used on non-flat sites with no more than a 3 percent
slope. The surcharge depth cannot exceed 0.5 feet, and side slopes shall not exceed 4:1. Table 2
below shows the spacing of the check dams, and slopes shall be rounded up (i.e., 2.5 percent
slope shall use 10' spacing for check dams).

Table 2: Check Dam Spacing

6” Check Dam Spacing

Slope Spacing
1% 25'
2% 15'
3% 10’
Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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BIORETENTION FACILITY BMP FACT SHEET

Roof Runoff

Roof downspouts may be directed towards Bioretention Facilities. However, the downspouts
must discharge onto a concrete splash block to protect the Bioretention Facility from erosion.
Retaining Walls

It is recommended that Retaining Wall Type 1A, per Caltrans Standard B3-3 or equivalent, be
constructed around the entire perimeter of the Bioretention Facility. This practice will protect
the sides of the Bioretention Facility from collapsing during construction and maintenance or
from high service loads adjacent to the BMP. Where such service loads would not exist adjacent
to the BMP, an engineered alternative may be used if signed by a licensed civil engineer.

Side Slope Requirements

Bioretention Facilities Requiring Side Slopes

The design should assure that the Bioretention Facility does not present a tripping hazard.
Bioretention Facilities proposed near pedestrian areas, such as areas parallel to parking spaces
or along a walkway, must have a gentle slope to the bottom of the facility. Side slopes inside of
a Bioretention Facility shall be 4:1. A typical cross section for the Bioretention Facility is shown
in Figure 1.

Bioretention Facilities Not Requiring Side Slopes

Where cars park perpendicular to the Bioretention Facility, side slopes are not required. A 6-
inch maximum drop may be used, and the Bioretention Facility must be planted with trees and
shrubs to prevent pedestrian access. In this case, a curb is not placed around the Bioretention
Facility,

but wheel stops shall be used to prevent vehicles from entering the Bioretention Facility, as
shown in Figure 4.

VARIES |
2 MINITAURA CALTRANS D73 TYPE G-1 OR FUNCTIONAL
EQUIVALENT DROP | NLET
WHEELSTOP (AS NEEDED) P?ND'NG DEPTH WHEELSTOP {AS NEEDED)
2 MAKI MU PARKING (TVF)
PARKING (TYP }‘1 : ARK ‘
FENE TN £ _ {1 R/
Ny | W ml.7A\"4 \W’\V = i
var. men el I MATURE VEGETATION '
157- 36 Tl D e ToAND 203" MULCH LAVER C s '
EMGINEERED [ =] " ;v 0l e e e - :
SOILMEDIA fr :
- - . H
b ., i
. = e —
i - Qﬁﬂvm»moraﬂar - :
———

==

s

s Y A ST e A A
CALTRANS STANDARD B3-3 OR INTO INLET :

RETAIMING WALL TYPE 1A PER FERFORATED FIFE TIESUBDRAIN i
EMGINEERED ALTERMATIVE BASED %
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BIORETENTION FACILITY BMP FACT SHEET

Planter Boxes

Bioretention Facilities can also be placed above ground as planter boxes. Planter boxes must
have a minimum width of 2 feet, a maximum surcharge depth of 6 inches, and no side slopes
are necessary. Planter boxes must be constructed so as to ensure that the top surface of the
engineered soil media will remain level. This option may be constructed of concrete, brick,
stone or other stable materials that will not warp or bend. Chemically treated wood or
galvanized steel, which has the ability to contaminate stormwater, should not be used. Planter
boxes must be lined with an impermeable liner on all sides, including the bottom. Due to the
impermeable liner, the inside bottom of the planter box shall be designed and constructed with
a cross fall, directing treated flows within the subdrain layer toward the point where subdrain
exits the planter box, and subdrains shall be oriented with drain holes oriented down. These
provisions will help avoid excessive stagnant water within the gravel underdrain layer. Similar
to the in-ground Bioretention Facility versions, this BMP benefits from healthy plants and
biological activity in the root zone. Planter boxes should be planted with appropriately selected
vegetation.

Figure 5: Planter Box
Source: LA Team Effort

Overflow

An overflow route is needed in the Bioretention Facility design to bypass stored runoff from
storm events larger than Vgyp or in the event of facility or subdrain clogging. Overflow systems
must connect to an acceptable discharge point, such as a downstream conveyance system as
shown in Figure 1 and Figure 4. The inlet to the overflow structure shall be elevated inside the
Bioretention Facility to be flush with the ponding surface for the design capture volume (Vgwp)
as shown in Figure 4 This will allow the design capture volume to be fully treated by the
Bioretention Facility, and for larger events to safely be conveyed to downstream systems. The
overflow inlet shall not be located in the entrance of a Bioretention Facility, as shown in Figure
6.

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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BIORETENTION FACILITY BMP FACT SHEET

Underdrain Gravel and Pipes
An underdrain gravel layer and pipes shall be provided in accordance with Appendix B —
Underdrains.

B e 3
% Rl o
fa ol

.Figl'.u.'e 6: Incorrect Placement of an Overflow Inlet.

Inspection and Maintenance Schedule

The Bioretention Facility area shall be inspected for erosion, dead vegetation, soggy soils, or
standing water. The use of fertilizers and pesticides on the plants inside the Bioretention
Facility should be minimized.

Schedule Activity |
e Keep adjacent landscape areas maintained. Remove clippings from
landscape maintenance activities.
. e Remove trash and debris
Ongoing
e Replace damaged grass and/or plants
e Replace surface mulch layer as needed to maintain a 2-3 inch soil
cover.
After storm events e Inspect areas for ponding
Annually e Inspect/clean inlets and outlets
Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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Bioretention Facility Design Procedure

1) Enter the area tributary, As, to the Bioretention Facility.
2) Enter the Design Volume, Vgup, determined from Section 2.1 of this Handbook.

3) Select the type of design used. There are two types of Bioretention Facility designs: the
standard design used for most project sites that include side slopes, and the modified
design used when the BMP is located perpendicular to the parking spaces or with
planter boxes that do not use side slopes.

4) Enter the depth of the engineered soil media, ds. The minimum depth for the
engineered soil media can be 18' in limited cases, but it is recommended to use 24' or a
preferred 36' to provide an adequate root zone for the chosen plant palette. Engineered
soil media deeper than 36' will only get credit for the pore space in the first 36'.

5) Enter the top width of the Bioretention Facility.

6) Calculate the total effective depth, dg, within the Bioretention Facility. The maximum
allowable pore space of the soil media is 30% while the maximum allowable pore space
for the gravel layer is 40%. Gravel layer deeper than 12' will only get credit for the pore
space in the first 12".

ad, w.-8d, ad,
Vg -y, Z ; )
ER N : -‘& : / \ Lo " po \ :@ / ;u
[ B e T ','-'m_'L."l‘.“E RO A
g | o e e '
JS_' . RTINS T Englneered 50|| medla “Ith 30% pore space

a. For the design with side slopes the following equation shall be used to determine
the total effective depth. Where, dp is the depth of ponding within the basin.

0.3 X [(WT(ft) x dg(ft)) + 4(dp(ft))2] +0.4 x 1(ft) + dp(fO) [4dp(ft) + (wr(ft) — 8dp(fD))]
wr(ft)

This above equation can be simplified if the maximum ponding depth of 0.5 is
used. The equation below is used on the worksheet to find the minimum area
required for the Bioretention Facility:

dg(f0) = (0.3 x dg(ft) + 0.4 x 1(ft)) — (0.7 (ft2)

dg(ft) =

W) + 0.5(ft)

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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b. For the design without side slopes the following equation shall be used to

determine the total effective depth:
dg(ft) = dp(ft) + [(0.3) x dg(ft) + (0.4) x 1(ft)]

The equation below, using the maximum ponding depth of 0.5', is used on the
worksheet to find the minimum area required for the Bioretention Facility:

dg(ft) = 0.5 (ft) + [(0.3) x ds(ft) + (0.4) x 1(ft)]

7) Calculate the minimum surface area, Ay, required for the Bioretention Facility. This does
not include the curb surrounding the Bioretention Facility or side slopes.

Vemp (ft)

Ay(ft?) = )

8) Enter the proposed surface area. This area shall not be less than the minimum required
surface area.

9) Verify that side slopes are no steeper than 4:1 in the standard design, and are not
required in the modified design.

10) Provide the diameter, minimum 6 inches, of the perforated underdrain used in the
Bioretention Facility. See Appendix B for specific information regarding perforated

pipes.

11) Provide the slope of the site around the Bioretention Facility, if used. The maximum
slope is 3 percent for a standard design.

12) Provide the check dam spacing, if the site around the Bioretention Facility is sloped.

13) Describe the vegetation used within the Bioretention Facility.

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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Appendix 7: Hydromodification

Supporting Detail Relating to Hydrologic Conditions of Concern

Not Applicable for Lake Elsinore tributary area
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Appendix 8: Source Control

Pollutant Sources/Source Control Checklist
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STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

How to use this worksheet (also see instructions in Section G of the WQMP Template):

1. Review Column 1 and identify which of these potential sources of stormwater pollutants apply to your site. Check each box that applies.

2. Review Column 2 and incorporate all of the corresponding applicable BMPs in your WQMP Exhibit.

3. Review Columns 3 and 4 and incorporate all of the corresponding applicable permanent controls and operational BMPs in your WQMP. Use the
format shown in Table G.1on page 23 of this WQMP Template. Describe your specific BMPs in an accompanying narrative, and explain any
special conditions or situations that required omitting BMPs or substituting alternative BMPs for those shown here.

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4
Operational BMPs—Include in WQMP
Table and Narrative

x A. On-site storm drain
inlets

0O Locations of inlets.

O Mark all inlets with the words
“Only Rain Down the Storm
Drain” or similar. Catch Basin
Markers may be available from the
Riverside County Flood Control
and Water Conservation District,
call 951.955.1200 to verify.

O Maintain and periodically repaint or
replace inlet markings.

O Provide stormwater pollution
prevention information to new site
owners, lessees, or operators.

Q  See applicable operational BMPs in
Fact Sheet SC-44, “Drainage System
Maintenance,” in the CASQA
Stormwater Quality Handbooks at
www.cabmphandbooks.com

Q  Include the following in lease
agreements: “Tenant shall not allow
anyone to discharge anything to storm
drains or to store or deposit materials
so as to create a potential discharge to
storm drains.”

A B. Interior floor drains
and elevator shaft sump

0 State that interior floor drains and
elevator shaft sump pumps will be

O Inspect and maintain drains to prevent
blockages and overflow.

pumps plumbed to sanitary sewer.
a C. Interior parking O State that parking garage floor O Inspect and maintain drains to prevent
garages drains will be plumbed to the blockages and overflow.

sanitary sewer.
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STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3

Permanent Controls—List in WQMP

Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

a D1. Need for future O Note building design features that O Provide Integrated Pest Management
indoor & structural pest discourage entry of pests. information to owners, lessees, and
control operators.

X D2. Landscape/ Show locations of native trees or State that final landscape plans will | ( Maintain landscaping using minimum
Outdoor Pesticide Use areas of shrubs and ground cover to accomplish all of the following. or no pesticides.
be undisturbed and retained. O Presetve existing native trees, O See applicable operational BMPs in
Show self-retaining landscape shrubs, and ground cover to the “What you should know
areas, if any. maximum extent possible. for.....Landscape and Gardening” at
. . se s : . !
Show stormwater treatment and O Design landscaping to minimize }}llt;ge{h/[ﬁf i?gjncézgn/o stt‘zlrlzgwater/ Error
hydrograph modification irrigation and runoff, to promote '
management BMPs. (See sutface infiltration where Provide IPM information to new
instructions in Chapter 3, Step 5 appropriate, and to minimize the O owners, lessees and operators.
and guidance in Chapter 5.) use of fertilizers and pesticides that
can contribute to stormwater
Q pollution.
Where landscaped areas are used to
retain or detain stormwater, specify
plants that are tolerant of saturated
Q soil conditions.
Consider using pest-resistant
Q plants, especially adjacent to

hardscape.

To insure successful establishment,
select plants appropriate to site
soils, slopes, climate, sun, wind,
rain, land use, air movement,
ecological consistency, and plant
interactions.
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STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

Operational BMPs—Include in WQMP

4

Table and Narrative

Q E. Pools, spas, ponds, O Show location of water feature and If the Co-Permittee requires pools O See applicable operational BMPs in
decorative fountains, a sanitary sewet cleanout in an to be plumbed to the sanitary “Guidelines for Maintaining Your
and other water accessible area within 10 feet. sewer, place a note on the plans Swimming Pool, Jacuzzi and Garden
features. (Exception: Public pools must be and state in the narrative that this Fountain” at
plumbed according to County connection will be made according http://rcflood.org/stormwater/
Department of Environmental to local requirements.
Health Guidelines.)

K F. Food service O For restaurants, grocery stotes, and | 0  Describe the location and features O See the brochure, “The Food Service
other food service operations, show of the designated cleaning area. Industry Best Management Practices for:
location (indoors or in a c.overed O Describe the items to be cleaned in ResFaurants, Grocery Stqres,
area outdoors) of a floor sink or . . . Delicatessens and Bakeries” at

. this facility and how it has been
other _area for cleam_ng floor mats, sized to insure that the largest http:/ /tcflood.otg/stormwater/
containers, and equipment. items can be accommodated. Provide this brochure to new site
0 On the drawing, show a note that owners, lessees, and operators.
this drain will be connected to a
grease interceptor before
discharging to the sanitary sewer.
> G. Refuse areas O Show where site refuse and O State how site refuse will be O State how the following will be

recycled materials will be handled
and stored for pickup. See local
municipal requirements for sizes
and other details of refuse areas.

handled and provide supporting
detail to what is shown on plans.

O  State that signs will be posted on ot
near dumpsters with the words “Do

implemented:

Provide adequate number of
receptacles. Inspect receptacles
regularly; repair or replace leaky

O  If dumpsters or other receptacles
are outdoors, show how the
designated area will be covered,
graded, and paved to prevent run-
on and show locations of berms to
prevent runoff from the area.

not dump hazardous materials
here” or similar.

receptacles. Keep receptacles covered.
Prohibit/prevent dumping of liquid or
hazardous wastes. Post “no hazardous
materials” signs. Inspect and pick up
litter daily and clean up spills
immediately. Keep spill control
materials available on-site. See Fact
Sheet SC-34, “Waste Handling and
Disposal” in the CASQA Stormwater
Quality Handbooks at
www.cabmphandbooks.com

O  Any drains from dumpsters,
compactors, and tallow bin areas
shall be connected to a grease
removal device before discharge to
sanitary sewetr.
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STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3

Permanent Controls—List in WQMP

Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

a H. Industrial processes.

Q

Show process area.

Q

If industrial processes are to be
located on site, state: “All process
activities to be performed indoors.
No processes to drain to exterior or
to storm drain system.”

Q

See Fact Sheet SC-10, “Non-
Stormwater Discharges” in the
CASQA Stormwater Quality
Handbooks at
www.cabmphandbooks.com

See the brochure “Industrial &
Commercial Facilities Best Management
Practices for: Industrial, Commercial
Facilities” at

http://tcflood.otg/ stormwater/




STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3

Permanent Controls—List in WQMP

Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

Q I. Outdoor storage of

equipment or materials.

(See rows J and K for
source control
measures for vehicle
cleaning, repair, and
maintenance.)

Show any outdoor storage areas,
including how materials will be
covered. Show how areas will be
graded and bermed to prevent run-
on or run-off from area.

Storage of non-hazardous liquids
shall be covered by a roof and/ot
drain to the sanitary sewer system,
and be contained by berms, dikes,
liners, or vaults.

Storage of hazardous materials and
wastes must be in compliance with
the local hazardous materials
ordinance and a Hazardous
Materials Management Plan for the
site.

Include a detailed description of
materials to be stored, storage
areas, and structural features to
prevent pollutants from entering
storm drains.

Where appropriate, reference
documentation of compliance with
the requirements of Hazardous
Materials Programs for:

» Hazardous Waste Generation

= Hazardous Materials Release
Response and Inventory

= California Accidental Release
(CalARDP)

= Aboveground Storage Tank

= Uniform Fire Code Article 80
Section 103(b) & (c) 1991

= Underground Storage Tank

www.cchealth.or roups/hazmat

yA

Q

See the Fact Sheets SC-31, “Outdoor
Liquid Container Storage” and SC-33,
“Outdoor Storage of Raw Materials
in the CASQA Stormwater Quality
Handbooks at
www.cabmphandbooks.com




STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2

Permanent Controls—Show on

WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

J. Vehicle and
Equipment Cleaning

Show on drawings as appropriate:

(1) Commertcial/industrial facilities
having vehicle/equipment cleaning
needs shall either provide a
covered, bermed area for washing
activities or discourage
vehicle/equipment washing by
removing hose bibs and installing
signs prohibiting such uses.

(2) Multi-dwelling complexes shall
have a paved, bermed, and covered
car wash area (unless car washing
is prohibited on-site and hoses are
provided with an automatic shut-
off to discourage such use).

(3) Washing areas for cars, vehicles,
and equipment shall be paved,
designed to prevent run-on to or
runoff from the area, and plumbed
to drain to the sanitary sewer.

(4) Commercial car wash facilities
shall be designed such that no
runoff from the facility is
discharged to the storm drain
system. Wastewater from the
facility shall discharge to the
sanitary sewer, or a wastewater
reclamation system shall be
installed.

O Ifa car wash area is not provided,
describe any measutes taken to
discourage on-site car washing and
explain how these will be enforced.

R

Describe operational measures to
implement the following (if
applicable):

Washwater from vehicle and
equipment washing operations shall
not be discharged to the storm drain
system. Refer to “Outdoor Cleaning

Activities and Professional Mobile Service

Providers” for many of the Potential
Sources of Runoff Pollutants categories
below. Brochure can be found at
http://tcflood.org/stormwatet/

UCar dealerships and similar may
rinse cars with water only.
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STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

Q K. Vehicle/Equipment
Repair and
Maintenance

Accommodate all vehicle
equipment repair and maintenance
indoors. Or designate an outdoor
work area and design the area to
prevent run-on and runoff of
stormwater.

Show secondary containment for
exterior work areas where motor
oil, brake fluid, gasoline, diesel
fuel, radiator fluid, acid-containing
batteries or other hazardous
materials or hazardous wastes are
used or stored. Drains shall not be
installed within the secondary
containment areas.

Add a note on the plans that states
either (1) there are no floor drains,
or (2) floor drains are connected to
wastewater pretreatment systems
prior to discharge to the sanitary
sewer and an industrial waste
discharge permit will be obtained.

O State that no vehicle repair or
maintenance will be done outdoors,
or else describe the required
features of the outdoor work area.

O  State that there are no floor drains
or if there are floor drains, note the
agency from which an industrial
waste discharge permit will be
obtained and that the design meets
that agency’s requirements.

O State that there are no tanks,
containers ot sinks to be used for
parts cleaning or rinsing or, if there
are, note the agency from which an
industrial waste discharge permit
will be obtained and that the
design meets that agency’s
requirements.

In the Stormwater Control Plan, note
that all of the following restrictions
apply to use the site:

No person shall dispose of, nor permit
the disposal, directly or indirectly of
vehicle fluids, hazardous materials, or
rinsewater from parts cleaning into
storm drains.

No vehicle fluid removal shall be
performed outside a building, nor on
asphalt or ground surfaces, whether
inside or outside a building, except in
such a manner as to ensure that any
spilled fluid will be in an area of
secondary containment. Leaking
vehicle fluids shall be contained or
drained from the vehicle immediately.

No person shall leave unattended drip
parts or other open containers
containing vehicle fluid, unless such
containers are in use or in an area of
secondary containment.

Refer to “Automotive Maintenance & Car
Care Best Management Practices for Auto
Body Shops, Auto Repair Shops, Car
Dealerships, Gas Stations and Fleet
Setrvice Operations”. Brochure can be
found at http://rcflood.org/stormwater

Refer to Outdoor Cleaning Activities and
Professional Mobile Service Providers for
many of the Potential Sources of

Runoff Pollutants categories below.
Brochure can be found at
http://rcflood.org/stormwater




STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

x L. Fuel Dispensing
Areas

Fueling areas® shall have
impermeable floors (i.e., portland
cement concrete or equivalent
smooth impervious surface) that
are: a) graded at the minimum
slope necessary to prevent ponding;
and b) separated from the rest of
the site by a grade break that
prevents run-on of stormwater to
the maximum extent practicable.

Fueling areas shall be covered by a
canopy that extends a minimum of
ten feet in each direction from each
pump. [Alternative: The fueling
area must be covered and the
cover’s minimum dimensions must
be equal to or greater than the area
within the grade break or fuel
dispensing areal.] The canopy [or
cover] shall not drain onto the
fueling area.

The property owner shall dry sweep
the fueling area routinely.

See the Fact Sheet SD-30 , “Fueling
Areas” in the CASQA Stormwater
Quality Handbooks at
www.cabmphandbooks.com

6 The fueling area shall be defined as the area extending a minimum of 6.5 feet from the corner of each fuel dispenser or the length at which the hose and nozzle assembly may be operated plus
a minimum of one foot, whichever is greater.
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STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

Q M. Loading Docks

Show a preliminary design for the
loading dock area, including
roofing and drainage. Loading
docks shall be covered and/or
graded to minimize run-on to and
runoff from the loading area. Roof
downspouts shall be positioned to
direct stormwater away from the
loading area. Water from loading
dock areas shall be drained to the
sanitary sewer, or diverted and
collected for ultimate discharge to
the sanitary sewet.

Loading dock areas draining
directly to the sanitary sewer shall
be equipped with a spill control
valve or equivalent device, which
shall be kept closed during periods
of operation.

Provide a roof overhang over the
loading area or install door skirts
(cowling) at each bay that enclose
the end of the trailer.

Move loaded and unloaded items
indoors as soon as possible.

See Fact Sheet SC-30, “Outdoor
Loading and Unloading,” in the
CASQA Stormwater Quality
Handbooks at
www.cabmphandbooks.com




STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3

Permanent Controls—List in WQMP

Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

K N. Fire Sprinkler Test O Provide a means to drain fire O See the note in Fact Sheet SC-41,
Water sprinkler test water to the sanitary “Building and Grounds Maintenance,”
sewer. in the CASQA Stormwater Quality
Handbooks at
www.cabmphandbooks.com
O. Miscellaneous Drain O Boiler drain lines shall be directly
or Wash Water or Other or indirectly connected to the
Sources sanitary sewer system and may not
Q Boiler drain lines discharge to the storm drain
o g System.
A~ g Condensate drain lines L
Condensate drain lines may
P’ Rooftop equipment discharge to landscaped areas if the
z. Drainage sumps ﬂ(_)w is small enough that runOff
_B( will not occur. Condensate drain
R.ooﬁng, gutters, and g lines may not discharge to the
trim. storm drain system.
a Other sources Rooftop equipment with potential
to produce pollutants shall be
0 roofed and/or have secondary
containment.
Any drainage sumps on-site shall
g feature a sediment sump to reduce
the quantity of sediment in
pumped water.
Q Avoid roofing, gutters, and trim

made of copper or other
unprotected metals that may leach
into runoff.

Include controls for other sources
as specified by local reviewer.
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STORMWATER POLLUTANT SOURCES/SOURCE CONTROL CHECKLIST

IF THESE SOURCES WILL BE
ON THE PROJECT SITE ...

... THEN YOUR WQMP SHOULD INCLUDE THESE SOURCE CONTROL BMPs, AS APPLICABLE

1
Potential Sources of
Runoff Pollutants

2
Permanent Controls—Show on
WQMP Drawings

3
Permanent Controls—List in WQMP
Table and Narrative

4

Operational BMPs—Include in WQMP

Table and Narrative

\ja P. Plazas, sidewalks,
and parking lots.

Q

Sweep plazas, sidewalks, and parking
lots regularly to prevent accumulation
of litter and debris. Collect debris from
pressure washing to prevent entry into
the storm drain system. Collect
washwater containing any cleaning
agent or degreaser and discharge to
the sanitary sewer not to a storm drain.
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Appendix 9: O&M

Operation and Maintenance Plan and Documentation of Finance, Maintenance and Recording Mechanisms

Not Applicable for Discretionary Phase

-37-



Appendix 10: Educational Materials

BMP Fact Sheets, Maintenance Guidelines and Other End-User BMP Information
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What is stormwater cunoff?

Polluted stormwater runoff can have
many adverse effects on plants, fish,
Stormwater runoff occurs when precipitation animals, and people.

from rain or snowmelt flows over the ground. .

Sediment can cloud the water

Impervious surfaces like driveways, sidewalks, and make it difficult or
and streets prevent stormwater from impossible for aquatic plants to
naturally soaking into the ground. grow. Sediment also can

destroy aquatic habitats.

Excess nutrients can cause
algae blooms. When algae die,
they sink to the bottom and decompose
in a process that removes oxygen from
the water. Fish and other aquatic
organisms can't exist in water with low
dissolved oxygen levels.

->

Bacteria and other pathogens can wash
into swimming areas and create health
hazards, often making beach closures
necessary.

>

Debris—plastic bags, six-pack rings, bottles, and
cigarette butts—washed into waterbodies can choke, suffocate, or
disable aquatic life like ducks, fish, turtles, and birds.

-

Household hazardous wastes like insecticides, pesticides, paint,
solvents, used motor oil, and other auto fluids can poison aquatic life.
Land animals and people can become sick or die from eating diseased
fish and shellfish or ingesting polluted water.

¢ Polluted stormwater often
affects drinking water
sources. This, in turn, can
affect human health and
increase drinking water
treatment costs.

Stormwater can pick up debris, chemicals, dirt, and other
pollutants and flow into a storm sewer system or directly to
a lake, stream, river, wetland, or coastal water. Anything that
enters a storm sewer system is discharged untreated into
the waterbodies we use for swimming, fishing, and providing
drinking water.




Auto care

Recyelo ov propendy dispose of householi, products Ut
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Lawn care

Excess fertilizers
and pesticides
applied to lawns
and gardens wash

off and pollute Septic

streams. In

addition, yard S

clippings and Leaking and

leaves can wash poorly

into storm drains and contribute maintained

nutrients and organic matter to streams. septic ; o

systems release nutrients and
pathogens (bacteria and
viruses) that can be picked up
by stormwater and discharged
into nearby waterbodies.
Pathogens can cause public
health problems and
environmental concerns.

¢ Don't overwater your lawn. Consider
using a soaker hose instead of a
sprinkler.

-

Use pesticides and fertilizers
sparingly. When use is necessary, use
these chemicals in the recommended
amounts. Use organic mulch or safer
pest control methods whenever

g ¢ Inspect your system every

3 years and pump your
tank as necessary (every 3
to 5 years).

-

Compost or mulch yard waste. Don’t
leave it in the street or sweep it into

storm drains or streams. + Don't dispose of

household hazardous
waste in sinks or toilets.

-

Cover piles of dirt or mulch being
used in landscaping projects.

Washing your car and
degreasing auto parts at home
can send detergents and other
contaminants through the
storm sewer system. Dumping
automotive fluids into storm
drains has the same result as ¥
dumping the materials directly
into a waterbody.

¢ Use a commercial car wash that treats or
recycles its wastewater, or wash your car on
your yard so the water infiltrates into the

¢ Repair leaks and dispose of used auto fluids
and batteries at designated drop-off or
recycling locations.

wilhealed ilo o
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Rusidedtial landseaping

Permeable Pavement—Traditional concrete and
asphalt don't allow water to soak into the ground.

Instead these surfaces rely on storm drains to

Rain Barrels—You can
collect rainwater from
rooftops in mosquito-
proof containers. The
water can be used later on
lawn or garden areas.

Pet waste

Pet waste can be
a major source of
bacteria and
excess nutrients
in local waters.

¢ When walking -
your pet,
remember to pick up the
waste and dispose of it
properly. Flushing pet
waste is the best disposal
method. Leaving pet waste
on the ground increases
public health risks by
allowing harmful bacteria
and nutrients to wash into
the storm drain and
eventually into local
waterbodies.

Rain Gardens and
Grassy Swales—Specially
designed areas planted
with native plants can provide natural places for
r .a rainwater to collect

divert unwanted water. Permeable pavement
systems allow rain and snowmelt to soak through,
decreasing stormwater runoff.

and soak into the

= ground. Rain from
rooftop areas or paved
areas can be diverted
into these areas rather
than into storm drains.

Vegetated Filter Strips—Filter strips are areas of
native grass or plants created along roadways or
streams. They trap the pollutants stormwater
picks up as it flows across driveways and streets.

Dirt, oil, and debris that collect in
parking lots and paved areas can be
washed into the storm sewer system
and eventually enter local
waterbodies.

+ Sweep up litter and debris from
sidewalks, driveways and parking lots,
especially around storm drains.

¢ Cover grease storage and dumpsters
and keep them clean to avoid leaks.

¢ Report any chemical spill to the local
hazardous waste cleanup team.
They'll know the best way to keep
spills from harming the environment.

Erosion controls that aren’t maintained can cause
excessive amounts of sediment and debris to be
carried into the stormwater system. Construction
vehicles can leak fuel, oil, and other harmful fluids
that can be picked up by stormwater and
deposited into local waterbodies.

¢ Divert stormwater away from disturbed or
exposed areas of the construction site.

¢ Install silt fences, vehicle mud removal areas,
vegetative cover, and other sediment and
erosion controls and properly maintain them,
especially after rainstorms.

¢ Prevent soil erosion by minimizing disturbed
areas during construction projects, and seed
and mulch bare areas as soon as possible.

Lack of vegetation on streambanks can lead to erosion. Overgrazed pastures can also
contribute excessive amounts of sediment to local waterbodies. Excess fertilizers and
pesticides can poison aquatic animals and lead to destructive algae blooms. Livestock in
streams can contaminate waterways with bacteria, making them unsafe for human contact.

¢ Keep livestock away from streambanks and provide
them a water source away from waterbodies.

¢ Store and apply manure away from waterbodies and in
accordance with a nutrient management plan.

¢ Vegetate riparian areas along waterways.
¢ Rotate animal grazing to prevent soil erosion in fields.

¢ Apply fertilizers and pesticides according to label
instructions to save money and minimize pollution.

sedimentation.

changes to streams.

Improperly managed logging operations can result in erosion and

¢ Conduct preharvest planning to prevent erosion and lower costs.
¢ Use logging methods and equipment that minimize soil disturbance.

¢ Plan and design skid trails, yard areas, and truck access roads to
minimize stream crossings and avoid disturbing the forest floor.

¢ Construct stream crossings so that they minimize erosion and physical

¢ Expedite revegetation of cleared areas.

g "{ﬁ’f
Constructio

Uncovered fueling stations allow spills to be
washed into storm drains. Cars waiting to be
repaired can leak fuel, oil, and other harmful
fluids that can be picked up by stormwater.

¢ Clean up spills immediately and properly
dispose of cleanup materials.

¢ Provide cover over fueling stations and
design or retrofit facilities for spill
containment.

¢ Properly maintain fleet vehicles to prevent
oil, gas, and other discharges from being
washed into local waterbodies.

¢ Install and maintain oil/water separators.



IRRIGATION RUNOFF

STORMWATER FACT SHEET

Report Irrigation Runoff or Stormwater Pollution:
WATERSHED PROTECTION

OVERWATERING

Overwatering causes irrigation runoff that may contain pollutants such as pesticides, herbicides,
fertilizers, pet waste, yard waste, and sediments which can be hazardous to residents and harmful to
our environment. Runoff can also serve as a transport mechanism for other pollutants already on the
ground or in the curb gutter. Irrigation runoff entering the storm drain system is an illicit discharge.

BEST PRACTICES

Urban runoff begins when yards and landscaped areas are

over-irrigated. Irrigation systems require regular maintenance

and visual inspection of the system should be performed to

prevent over-spray, leaks, and other problems that result in

runoff to storm drains, curbs and gutters.

You can prevent pollution by conserving water on your

property. Water during cooler times of the day (before 10am

and after 6pm).

- Adjust sprinklers to stop overspray and runoff.

- Make needed repairs immediately.

- Use drip irrigation, soaker hoses, or micro-spray systems.

- Use an irrigation timer to pre-set watering times.

- Use a control nozzle or similar mechanism when watering
by hand.

- Switch to a water-wise landscape - native plants need less
fertilizers, herbicides, pesticides and water.

PROTECT OUR WATERSHED

Many people think that when water flows into a storm drain it is
treated, but the storm drain system and the sanitary sewer
system are not connected. Everything that enters storm drains
flows untreated directly into our creeks, rivers, lakes, beaches ‘ ADJUSTING

and ultimately the ocean. Storm water often contains 4 I
pollutants, including chemicals, trash, and automobile fluids, all p : sp.'}éulélgER

of which pollute our watershed and harm fish and wildlife.

Whether at home or work, you can help reduce pollution and
improve water quality by using the above Best Management
Practices (BMP's) as part of your daily clean up and
maintenance routine.




We 9 our Watershed!

A clean and healthy watershed is
important to all of us.

Trash, debris, chemicals and other
contaminants from business activities
often make their way into the Riverside
County storm drain system. This pollutes
our drinking water and contaminates
waterways, making them unsafe for
people and wildlife.

Did you know?
There is a difference between storm
drains and sewers.

Storm drains capture rainwater and flow
directly to our rivers, lakes and streams —
untreated.

Sewers capture and collect water from
sinks, toilets and floor drains, and then it
is processed and treated before it is
released into the environment.

For more information about how
you can protect our watershed,
please visit:

www.rcwatershed.org

Questions?

If you have questions about Best
Management Practices, or if you have
questions about illicit dumping and
stormwater pollution visit the Pollution
Prevention website: rcwatershed.org.

For more information on requirements
for all retail food facilities go to Riverside
County Environmental Health’s website:

rivcoeh.org

WATERSHED PROTECTION

Riverside County Watershed Protection Program
is managed by Riverside County Flood Control &
Water Conservation District in partnership with
27 Cities, the County of Riverside and the
Coachella Valley Water District.
OUR MISSION

“To protect, preserve and enhance the quality

of Riverside County watersheds by fostering a

community-wide commitment to clean water.”

Watershed
Protection

Food Service Industry
Best Practices

RESTAURANT

Restaurants
Mobile Food Trucks
Grocery Stores
Bakeries
Delicatessens



Recycle Oil & Grease

" Never put oil or grease down the drain.
Contain grease and oil by using covered
grease storage containers or installing a
grease interceptor.

" Never overfill your grease storage
container or transport it without a cover.

" Grease control devices must be emptied
and cleaned by permitted companies and
according to manufacturer’s specifications.

" Keep maintenance records on site.

" For a list of oil/grease recycling
companies, contact CalRecycle

www.calrecycle.ca.gov or contact your
local sanitation district.

Managing Spills

¥ Clean food spills in loading and trash
areas by using absorbent materials and
sweeping then mopping.

" Discharge mop water into the sewer
through a grease interceptor.

¥ Have spill containment and cleanup kits
available.

" To report serious toxic spills, call 911.

Handling Toxic Chemicals

" Dispose of all unwanted toxics materials
like cleaners, solvents and detergents
through a hazardous waste hauler. These
items are not trash!

" Use non-toxic cleaning products whenever
possible.

" For information on hazardous waste
transporters, call (888) 722-4234.

Dumpster Areas

" Keep dumpster lids closed and the areas
around them clean.

® Do not fill with liquid waste or hose them
out.

" Call your trash hauler to replace any
Aiimnctare that ara rl:maged or |eak|ng_

Cleaning & Maintenance

" Clean equipment, floor mats, filters and
garbage cans in @ mop sink, wash rack or
floor drain connected to a sanitary sewer.

" Sweep outside areas and put the debris in
trash containers DO NOT hose down or
sweep into the parking lot or street.

¥ Qutside eating areas and sidewalks may
not be hosed down or pressure washed

UNLESS the following standards are met:

v' Use dry cleanup methods prior to any
pressure washing — absorbing with
kitty litter, sweeping, vacuuming,
scraping off dried debris.

v" Wash waters must be captured for
proper disposal: collected waters
should be discharged to a sanitary
drain.

v" DO NOT use any chemicals or
detergents.

v" DO NOT wash or pour water in a
parking lot, alley, sidewalk or street.

Mobile Food Trucks
" The potential for generating

stormwater pollution as part of a
mobile food business requires
special attention. Cleaning activities
are required to be conducted at an
approved fixed location with a
connection to a sanitary sewer. For
more information contact Riverside
County Environmental Health at
(888) 722-4234.

" Do not discharge wash water into

storm drains.

" Clean on a properly equipped wash

pad and drain wastewater to a
sanitary sewer system.

Food Waste Disposal
" Scrape food waste off of plates,

pots and food prep areas and
dispose of in the trash.

Food scraps often contain grease,
which can clog sewer pipes and
result in costly sewer backups and
overflows.

Never put food waste down the
drain.

RECYCLE
USED OIL
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Bioretention

BMP MAINTENANCE FACT SHEET
FOR
STRUCTURAL BMP INF-2 BIORETENTION

Bioretention (bioretention without underdrain) facilities are vegetated surface water systems that filter water
through vegetation and soil, or engineered media prior to infiltrating into native soils. Bioretention facilities are
designed to infiltrate the full design capture volume (DCV) into native soils. They have no underdrain, and no
impermeable liner. Typical bioretention components include:

e Inflow distribution mechanisms (e.g., perimeter flow spreader or filter strips)

e Energy dissipation mechanism for concentrated inflows (e.g., splash blocks or riprap)

e Shallow surface ponding for captured flows

e Side slope and basin bottom vegetation selected based on climate and ponding depth

e Non-floating mulch layer

e Media layer (planting mix or engineered media) capable of supporting vegetation growth

e  Filter course layer consisting of aggregate to prevent the migration of fines into uncompacted native soils
or the optional aggregate storage layer

e Optional aggregate storage layer for additional infiltration storage

e Uncompacted native soils at the bottom of the facility

e  Overflow structure

Normal Expected Maintenance

Bioretention requires routine maintenance to: remove accumulated materials such as sediment, trash or debris;
maintain vegetation health; maintain infiltration capacity of the media layer; replenish mulch; and maintain
integrity of side slopes, inlets, energy dissipators, and outlets. A summary table of standard inspection and
maintenance indicators is provided within this Fact Sheet.

Non-Standard Maintenance or BMP Failure

If any of the following scenarios are observed, the BMP is not performing as intended to protect downstream
waterways from pollution and/or erosion. Corrective maintenance, increased inspection and maintenance, BMP
replacement, or a different BMP type will be required.

e The BMP is not drained between storm events. Surface ponding longer than approximately 24 hours
following a storm event may be detrimental to vegetation health, and surface ponding longer than
approximately 96 hours following a storm event poses a risk of vector (mosquito) breeding. Poor drainage
can result from clogging of the media layer, filter course, aggregate storage layer, underlying native sails,
or outlet structure. The specific cause of the drainage issue must be determined and corrected. If it is
determined that the underlying native soils have been compacted or do not have the infiltration capacity
expected, the [City Engineer] shall be contacted prior to any additional repairs or reconstruction.

e Sediment, trash, or debris accumulation greater than 25% of the surface ponding volume within one
month. This means the load from the tributary drainage area is too high, reducing BMP function or
clogging the BMP. This would require pretreatment measures within the tributary area draining to the
BMP to intercept the materials. Pretreatment components, especially for sediment, will extend the life of
components that are more expensive to replace such as media, filter course, and aggregate layers.
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Bioretention

e Erosion due to concentrated storm water runoff flow that is not readily corrected by adding erosion
control blankets, adding stone at flow entry points, or minor re-grading to restore proper drainage
according to the original plan. If the issue is not corrected by restoring the BMP to the original plan and
grade, the [City Engineer] shall be contacted prior to any additional repairs or reconstruction.

Other Special Considerations

Bioretention is a vegetated structural BMP. Vegetated structural BMPs that are constructed in the vicinity of, or
connected to, an existing jurisdictional water or wetland could inadvertently result in creation of expanded waters
or wetlands. As such, vegetated structural BMPs have the potential to come under the jurisdiction of the United
States Army Corps of Engineers, SDRWQCB, California Department of Fish and Wildlife, or the United States Fish
and Wildlife Service. This could result in the need for specific resource agency permits and costly mitigation to
perform maintenance of the structural BMP. Along with proper placement of a structural BMP, routine
maintenance is key to preventing this scenario.
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SUMMARY OF STANDARD INSPECTION AND MAINTENANCE FOR INF-2 BIORETENTION

The property owner is responsible to ensure inspection, operation and maintenance of permanent BMPs on their property unless responsibility has been formally transferred
to an agency, community facilities district, homeowners association, property owners association, or other special district.

Maintenance frequencies listed in this table are average/typical frequencies. Actual maintenance needs are site-specific, and maintenance may be required more frequently.
Maintenance must be performed whenever needed, based on maintenance indicators presented in this table. The BMP owner is responsible for conducting regular inspections
to see when maintenance is needed based on the maintenance indicators. During the first year of operation of a structural BMP, inspection is recommended at least once prior
to August 31 and then monthly from September through May. Inspection during a storm event is also recommended. After the initial period of frequent inspections, the

minimum inspection and maintenance frequency can be determined based on the results of the first year inspections.

Threshold/Indicator

Maintenance Action

Typical Maintenance Frequency

Accumulation of sediment, litter, or debris

Remove and properly dispose of accumulated materials,
without damage to the vegetation or compaction of the
media layer.

e Inspect monthly. If the BMP is 25% full* or more in
one month, increase inspection frequency to monthly
plus after every 0.1-inch or larger storm event.

e Remove any accumulated materials found at each
inspection.

Obstructed inlet or outlet structure

Clear blockage.

e Inspect monthly and after every 0.5-inch or larger
storm event.

e Remove any accumulated materials found at each
inspection.

Damage to structural components such as weirs, inlet or
outlet structures

Repair or replace as applicable.

e Inspect annually.
e Maintenance when needed.

Poor vegetation establishment

Re-seed, re-plant, or re-establish vegetation per original
plans.

e Inspect monthly.
e Maintenance when needed.

Dead or diseased vegetation

Remove dead or diseased vegetation, re-seed, re-plant,
or re-establish vegetation per original plans.

e |nspect monthly.
Maintenance when needed.

Overgrown vegetation

Mow or trim as appropriate.

Inspect monthly.
e Maintenance when needed.

2/3 of mulch has decomposed, or mulch has been
removed

Remove decomposed fraction and top off with fresh
mulch to a total depth of 3 inches.

Inspect monthly.
Replenish mulch annually, or more frequently when
needed based on inspection.

*“25% full” is defined as % of the depth from the design bottom elevation to the crest of the outflow structure (e.g., if the height to the outflow opening is 12 inches from the

bottom elevation, then the materials must be removed when there is 3 inches of accumulation — this should be marked on the outflow structure).
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SUMMARY OF STANDARD INSPECTION AND MAINTENANCE FOR INF-2 BIORETENTION (Continued from previous page)

Threshold/Indicator

Maintenance Action

Typical Maintenance Frequency

Erosion due to concentrated irrigation flow

Repair/re-seed/re-plant eroded areas and adjust the
irrigation system.

e Inspect monthly.
e Maintenance when needed.

Erosion due to concentrated storm water runoff flow

Repair/re-seed/re-plant eroded areas, and make
appropriate corrective measures such as adding
erosion control blankets, adding stone at flow entry
points, or minor re-grading to restore proper drainage
according to the original plan. If the issue is not
corrected by restoring the BMP to the original plan and
grade, the [City Engineer] shall be contacted prior to
any additional repairs or reconstruction.

e Inspect after every 0.5-inch or larger storm event. If
erosion due to storm water flow has been observed,
increase inspection frequency to after every 0.1-inch
or larger storm event.

e Maintenance when needed. If the issue is not
corrected by restoring the BMP to the original plan and
grade, the [City Engineer] shall be contacted prior to
any additional repairs or reconstruction.

Standing water in BMP for longer than 24 hours
following a storm event

Surface ponding longer than approximately 24 hours
following a storm event may be detrimental to
vegetation health

Make appropriate corrective measures such as
adjusting irrigation system, removing obstructions of
debris or invasive vegetation, or repairing/replacing
clogged or compacted soils. If it is determined that the
underlying native soils have been compacted or do not
have the infiltration capacity expected, the [City
Engineer] shall be contacted prior to any additional
repairs or reconstruction.

e Inspect monthly and after every 0.5-inch or larger
storm event. If standing water is observed, increase
inspection frequency to after every 0.1-inch or larger
storm event.

e Maintenance when needed.

Presence of mosquitos/larvae

For images of egg rafts, larva, and adult
mosquitos, see

http://www.mosquito.org/biology

pupa,

If mosquitos/larvae are observed: first, immediately
remove any standing water by dispersing to nearby
landscaping; second, make corrective measures as
applicable to restore BMP drainage to prevent standing
water.

If mosquitos persist following corrective measures to
remove standing water, or if the BMP design does not
meet the 96-hour drawdown criteria because the
underlying native soils have been compacted or do not
have the infiltration capacity expected, the [City
Engineer] shall be contacted to determine a solution. A
different BMP type, or a Vector Management Plan
prepared with concurrence from the County of San
Diego Department of Environmental Health, may be
required.

e Inspect monthly and after every 0.5-inch or larger
storm event. If mosquitos are observed, increase
inspection frequency to after every 0.1-inch or larger
storm event.

e Maintenance when needed.
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Date:

Inspector:

| BMP ID No.:

Permit No.:

APN(s):

Property / Development Name:

Responsible Party Name and Phone Number:

Property Address of BMP:

Responsible Party Address:

INSPECTION AND MAINTENANCE CHECKLIST FOR INF-2 BIORETENTION PAGE 1 of 5

Threshold/Indicator

Maintenance Recommendation

Date Description of Maintenance Conducted

Accumulation of sediment, litter, or debris
Maintenance Needed?

O] YES
O NO
O N/A

1 Remove and properly dispose of
accumulated materials, without
damage to the vegetation

[ If sediment, litter, or debris
accumulation exceeds 25% of the

the tributary area draining to the
to intercept the materials.

[ Other / Comments:

surface ponding volume within one
month (25% full*), add a forebay or
other pre-treatment measures within

BMP

Poor vegetation establishment
Maintenance Needed?

0] YES
O NO
O N/A

[ Re-seed, re-plant, or re-establish
vegetation per original plans

[ Other / Comments:

*“25% full” is defined as % of the depth from the design bottom elevation to the crest of the outflow structure (e.g., if the height to the outflow opening is 12 inches from the
bottom elevation, then the materials must be removed when there is 3 inches of accumulation — this should be marked on the outflow structure).
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INF-2

Bioretention

Date: Inspector: BMP ID No.:

Permit No.: APN(s):

INSPECTION AND MAINTENANCE CHECKLIST FOR INF-2 BIORETENTION PAGE 2 of 5

Threshold/Indicator Maintenance Recommendation Date Description of Maintenance Conducted

Dead or diseased vegetation 1 Remove dead or diseased vegetation,
Maintenance Needed? re-seedf re-plant,_o_r re-establish

vegetation per original plans
LI YES
I NO

O N/A

[ Other / Comments:

Overgrown vegetation ] Mow or trim as appropriate

Maintenance Needed? [J Other / Comments:

O] YES
O NO
O N/A

2/3 of mulch has decomposed, or mulch has | (] Remove decomposed fraction and top
been removed off with fresh mulch to a total depth of

Maintenance Needed? 3 inches

O VES [ Other / Comments:

O NO
O N/A
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INF-2

Bioretention

Date: Inspector: BMP ID No.:

Permit No.: APN(s):

INSPECTION AND MAINTENANCE CHECKLIST FOR INF-2 BIORETENTION PAGE 3 of 5

Threshold/Indicator Maintenance Recommendation Date Description of Maintenance Conducted

Erosion due to concentrated irrigation flow [ Repair/re-seed/re-plant eroded areas

Maintenance Needed? and adjust the irrigation system

O VES [ Other / Comments:

O NO
O N/A

Erosion due to concentrated storm water runoff | [] Repair/re-seed/re-plant eroded areas,
flow and make appropriate corrective
measures such as adding erosion
control blankets, adding stone at flow

Maintenance Needed?

J YES entry points, or minor re-grading to
O NO restore proper drainage according to
O N/A the original plan

[J If the issue is not corrected by restoring
the BMP to the original plan and
grade, the [City Engineer] shall be
contacted prior to any additional
repairs or reconstruction

[0 Other / Comments:
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INF-2

Bioretention

Date:

Inspector:

BMP ID No.:

Permit No.:

APN(s):

INSPECTION AND MAINTENANCE CHECKLIST FOR INF-2 BIORETENTION PAGE 4 of 5

Threshold/Indicator

Maintenance Recommendation

Date

Description of Maintenance Conducted

Obstructed inlet or outlet structure
Maintenance Needed?

0] YES
O NO
O N/A

[ Clear blockage

[0 other / Comments:

Damage to structural components such as weirs,
inlet or outlet structures

Maintenance Needed?

0] YES
O NO
O N/A

[ Repair or replace as applicable

[ Other / Comments:
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INF-2

Bioretention

Date:

Inspector:

BMP ID No.:

Permit No.:

APN(s):

INSPECTION AND MAINTENANCE CHECKLIST FOR INF-2 BIORETENTION PAGE 5 of 5

Threshold/Indicator

Maintenance Recommendation

Date

Description of Maintenance Conducted

Standing water in BMP for longer than 24 hours
following a storm event*

Surface ponding longer than approximately 24
hours following a storm event may be
detrimental to vegetation health

Maintenance Needed?

O] YES
O NO
O N/A

] Make appropriate corrective measures
such as adjusting irrigation system,
removing obstructions of debris or
invasive vegetation, or
repairing/replacing clogged or
compacted soils.

[ Other / Comments:

Presence of mosquitos/larvae

For images of egg rafts, larva, pupa, and adult
mosquitos, see
http://www.mosquito.org/biology

Maintenance Needed?

OJ YES
O NO
O N/A

[ Apply corrective measures to remove
standing water in BMP when standing
water occurs for longer than 24-96
hours following a storm event.**

[ Other / Comments:

*Surface ponding longer than approximately 24 hours following a storm event may be detrimental to vegetation health, and surface ponding longer than approximately 96 hours
following a storm event poses a risk of vector (mosquito) breeding. Poor drainage can result from clogging of the media layer, filter course, aggregate storage layer, underdrain,
or outlet structure. The specific cause of the drainage issue must be determined and corrected. If it is determined that the underlying native soils have been compacted or do
not have the infiltration capacity expected, the [City Engineer] shall be contacted prior to any additional repairs or reconstruction.

**If mosquitos persist following corrective measures to remove standing water, or if the BMP design does not meet the 96-hour drawdown criteria because the underlying
native soils have been compacted or do not have the infiltration capacity expected, the [City Engineer] shall be contacted to determine a solution. A different BMP type, or a
Vector Management Plan prepared with concurrence from the County of San Diego Department of Environmental Health, may be required.
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M O D UL A R
WETLANDS
Maintenance Guidelines for
Modular Wetland System - Linear

Maintenance Summary

o Remove Trash from Screening Device — average maintenance interval is 6 to 12 months.

= (5 minute average service time).

0 Remove Sediment from Separation Chamber — average maintenance interval is 12 to 24 months.

» (70 minute average service time).

0 Replace Cartridge Filter Media — average maintenance interval 12 to 24 months.

»  (710-15 minute per cartridge average service time).

0 Replace Drain Down Filter Media — average maintenance interval is 12 to 24 months.

v (5 minute average service time).

o Trim Vegetation — average maintenance interval is 6 to 12 months.

= (Service time varies).

System Diagram

Access to screening device, separation
chamber and cartridge filter

Access to drain
down filter

Inflow Pipe
(optional)

Pre-Treatment
Chamber

Biofiltration Chamber

| Outflow
Pipe

Discharge
Chamber

www.modularwetlands.com



WETLANDS

Maintenance Procedures

Screening Device

1.

Remove grate or manhole cover to gain access to the screening device in the Pre-
Treatment Chamber. Vault type units do not have screening device. Maintenance
can be performed without entry.

. Remove all pollutants collected by the screening device. Removal can be done

manually or with the use of a vacuum truck. The hose of the vacuum truck will not
damage the screening device.

Screening device can easily be removed from the Pre-Treatment Chamber to gain
access to separation chamber and media filters below. Replace grate or manhole
cover when completed.

Separation Chamber

1.

2.

3.

Perform maintenance procedures of screening device listed above before
maintaining the separation chamber.

With a pressure washer spray down pollutants accumulated on walls and cartridge
filters.

Vacuum out Separation Chamber and remove all accumulated pollutants. Replace
screening device, grate or manhole cover when completed.

Cartridge Filters

1.

Nogokwh

o

Perform maintenance procedures on screening device and separation chamber
before maintaining cartridge filters.

Enter separation chamber.

Unscrew the two bolts holding the lid on each cartridge filter and remove lid.
Remove each of 4 to 8 media cages holding the media in place.

Spray down the cartridge filter to remove any accumulated pollutants.

Vacuum out old media and accumulated pollutants.

Reinstall media cages and fill with new media from manufacturer or outside
supplier. Manufacturer will provide specification of media and sources to purchase.
Replace the lid and tighten down bolts. Replace screening device, grate or
manhole cover when completed.

Drain Down Filter

=

Remove hatch or manhole cover over discharge chamber and enter chamber.
Unlock and lift drain down filter housing and remove old media block. Replace with
new media block. Lower drain down filter housing and lock into place.

Exit chamber and replace hatch or manhole cover.

www.modularwetlands.com



WETLANDS

Maintenance Notes

Following maintenance and/or inspection, it is recommended the maintenance
operator prepare a maintenance/inspection record. The record should include any
maintenance activities performed, amount and description of debris collected, and
condition of the system and its various filter mechanisms.

. The owner should keep maintenance/inspection record(s) for a minimum of five
years from the date of maintenance. These records should be made available to
the governing municipality for inspection upon request at any time.

. Transport all debris, trash, organics and sediments to approved facility for disposal
in accordance with local and state requirements.

Entry into chambers may require confined space training based on state and local
regulations.

No fertilizer shall be used in the Biofiltration Chamber.
Irrigation should be provided as recommended by manufacturer and/or landscape

architect. Amount of irrigation required is dependent on plant species. Some plants
may require irrigation.

www.modularwetlands.com



Screening Device

The screening device is located directly
under the manhole or grate over the
Pre-Treatment Chamber. It's mounted
directly underneath for easy access

and cleaning. Device can be cleaned by
hand or with a vacuum truck.

Separation Chamber

The separation chamber is located
directly beneath the screening device.
It can be quickly cleaned using a
vacuum truck or by hand. A pressure
washer is useful to assist in the
cleaning process.

www.modularwetlands.com



Cartridge Filters

The cartridge filters are located in the
Pre-Treatment chamber connected to
the wall adjacent to the biofiltration
chamber. The cartridges have
removable tops to access the
individual media filters. Once the
cartridge is open media can be

easily removed and replaced by hand
or a vacuum truck.

Drain Down Filter

The drain down filter is located in the
Discharge Chamber. The drain filter
unlocks from the wall mount and hinges
up. Remove filter block and replace with
new block.

www.modularwetlands.com



Trim Vegetation

Vegetation should be maintained in the
same manner as surrounding vegetation
and trimmed as needed. No fertilizer shall
be used on the plants. Irrigation

per the recommendation of the
manufacturer and or landscape

architect. Different types of vegetation
requires different amounts of

irrigation.

www.modularwetlands.com
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WETLANDS

Inspection Form

Modular Wetland System, Inc.
P. 760.433-7640
F. 760-433-3176

E. Info@modularwetlands.com

www.modularwetlands.com



Big CLEAN

0

Inspection Report rﬁ'

ENVIRONMENTAL SERVICES, INC Mod u Iar Wetlands System M OE-FLL}_\INbg

Project Name

For Office Use Only

Project Address
(city) (Zip Code) (Reviewed By)
Owner / Management Company
(Date)
Office personnel to complete section to
Contact Phone ( ) - the left.
Inspector Name Date / / Time AM / PM
Type of Inspection  [] Routine [ Follow Up [0 complaint [0 storm Storm Event in Last 72-hours? [] No [ Yes
Weather Condition Additional Notes
Inspection Checklist
Modular Wetland System Type (Curb, Grate or UG Vault): Size (22', 14' or etc.):
Structural Integrity: Yes No Comments
Damage to pre-treatment access cover (manhole cover/grate) or cannot be opened using normal lifting
pressure?
Damage to discharge chamber access cover (manhole cover/grate) or cannot be opened using normal lifting
pressure?
Does the MWS unit show signs of structural deterioration (cracks in the wall, damage to frame)?
Is the inlet/outlet pipe or drain down pipe damaged or otherwise not functioning properly?
Working Condition:
Is there evidence of illicit discharge or excessive oil, grease, or other automobile fluids entering and clogging th¢
unit?
Is there standing water in inappropriate areas after a dry period?
Is the filter insert (if applicable) at capacity and/or is there an accumulation of debris/trash on the shelf system?
Does the depth of sediment/trash/debris suggest a blockage of the inflow pipe, bypass or cartridge filter? If yes Depth:
specify which one in the comments section. Note depth of accumulation in in pre-treatment chamber.
Chamber:

Does the cartridge filter media need replacement in pre-treatment chamber and/or discharge chamber?

Any signs of improper functioning in the discharge chamber? Note issues in comments section.

Other Inspection Items:

Is there an accumulation of sediment/trash/debris in the wetland media (if applicable)?

Is it evident that the plants are alive and healthy (if applicable)? Please note Plant Information below.

Is there a septic or foul odor coming from inside the system?

Waste: Yes No Recommended Maintenance
Sediment / Silt/ Clay No Cleaning Needed

Trash / Bags / Bottles Schedule Maintenance as Planned

Green Waste / Leaves / Foliage Needs Immediate Maintenance

Additional Notes:

Plant Information

Damage to Plants

Plant Replacement

Plant Trimming

2972 San Luis Rey Road, Oceanside, CA 92058 P (760) 433-7640

F (760) 433-3176




WETLANDS

Maintenance Report

Modular Wetland System, Inc.
P. 760.433-7640

F. 760-433-3176
E. Info@modularwetlands.com

www.modularwetlands.com



Big CLEAN

Cleaning and Maintenance Report

ENVIRONMENTAL SERVICES, INC. MOd u | ar Wetl an d S System e DE-ﬁ_jS\LNbg
Project Name For Office Use Only
Project Address
(city) (Zip Code) (Reviewed By)
Owner / Management Company
(Date)
Office personnel to complete section to
Contact Phone ( ) - the left.
Inspector Name Date / Time AM / PM
Type of Inspection  [] Routine [ Follow Up [J complaint [ storm Storm Event in Last 72-hours? [ ] No [ Yes
Weather Condition Additional Notes
Condition of Media Operational Per
Site GPS Coordinates Manufacturer / Trash Foliage Sediment Total Debris 25/50/75/100 Manufactures'
Map # of Insert Description / Sizing Accumulation | Accumulation | Accumulation | Accumulation | (will be changed Specifications
@ 75%) (If not, why?)
Lat: MWS
Catch Basins
Long:
MWS
Sedimentation
Basin
Media Filter
Condition
Plant Condition
Drain Down Media
Condition
Discharge Chamber
Condition
Drain Down Pipe
Condition
Inlet and Outlet
Pipe Condition
Comments.

2972 San Luis Rey Road, Oceanside, CA 92058 P. 760.433.7640 F. 760.433.3176




3.5 Bioretention Facility

Type of BMP LID — Bioretention
Treatment Mechanisms Infiltration, Evapotranspiration, Evaporation, Biofiltration
Maximum Drainage Area This BMP is intended to be integrated into a project’s landscaped area in a

distributed manner. Typically, contributing drainage areas to Bioretention
Facilities range from less than 1 acre to a maximum of around 10 acres.

Other Names Rain Garden, Bioretention Cell, Bioretention Basin, Biofiltration Basin,
Landscaped Filter Basin, Porous Landscape Detention

Description
Bioretention Facilities are shallow, vegetated basins underlain by an engineered soil media.

Healthy plant and biological activity in the root zone maintain and renew the macro-pore space
in the soil and maximize plant uptake of pollutants and runoff. This keeps the Best
Management Practice (BMP) from becoming clogged and allows more of the soil column to
function as both a sponge (retaining water) and a highly effective and self-maintaining biofilter.
In most cases, the bottom of a Bioretention Facility is unlined, which also provides an
opportunity for infiltration to the extent the underlying onsite soil can accommodate. When the
infiltration rate of the underlying soil is exceeded, fully biotreated flows are discharged via
underdrains. Bioretention Facilities therefore will inherently achieve the maximum feasible
level of infiltration and evapotranspiration and achieve the minimum feasible (but highly
biotreated) discharge to the storm drain system.

Siting Considerations
These facilities work best when they are designed in a relatively level area. Unlike other BMPs,
Bioretention Facilities can be used in smaller landscaped spaces on the site, such as:

v Parking islands
v" Medians
v" Site entrances

Landscaped areas on the site (such as may otherwise be required through minimum
landscaping ordinances), can often be designed as Bioretention Facilities. This can be
accomplished by:

e Depressing landscaped areas below adjacent impervious surfaces, rather than elevating
those areas

e Grading the site to direct runoff from those impervious surfaces into the Bioretention
Facility, rather than away from the landscaping

e Sizing and designing the depressed landscaped area as a Bioretention Facility as
described in this Fact Sheet

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
Page 1



Bioretention Facilities should however not be used downstream of areas where large amounts
of sediment can clog the system. Placing a Bioretention Facility at the toe of a steep slope
should also be avoided due to the potential for clogging the engineered soil media with erosion
from the slope, as well as the potential for damaging the vegetation.

Design and Sizing Criteria
The recommended cross section necessary for a Bioretention Facility includes:

e Vegetated area
e 18' minimum depth of engineered soil media
e 12' minimum gravel layer depth with 6' perforated pipes (added flow control features

such as orifice plates may be required to mitigate for HCOC conditions)
6" MINIMUM TOP WIDTH

2 VARIES 2
{DEPTH X SIDE SLOPE) 2 MINIMUM {DEPTH X SIDE SLOPE)

CALTRANS D73 TYPE G-1 OR
| FUNCTIONAL EQUIVALENT
DROP INLET

SLOTTED CURB PONDING DEPTH
GRAVEL PAD 6" MAXIMUM PARKING OR DRIVE AISLE (TYP)
PARKING OR DRIVE AISLE (Tvpa\y f (

[ANNNNNNNNNNNNNNN v S " k,/ \ ' 7777 777777)
VoI L—mav

*+2 <l MATURE VEGETATION |+ " =" -
- IAND 2-3" MULCH LAYER -

T

1]

E

18" - 36" .

ENGINEERED f-:

SOIL MEDIA
|

Ll

r
]
L

"~ PERFORATED PIPE

TIE SUBDRAIN INTO INLET
RETAINING WALL TYPE 1A PER

CALTRANS STANDARD B3-3 OR |
ENGINEERED ALTERNATIVE BASED |:
ON GEOTECHNICAL PARAMETERS i <

While the 18-inch minimum engineered soil media depth can be used in some cases, it is
recommended to use 24 inches or a preferred 36 inches to provide an adequate root zone for
the chosen plant palate. Such a design also provides for improved removal effectiveness for
nutrients. The recommended ponding depth inside of a Bioretention Facility is 6 inches;
measured from the flat bottom surface to the top of the water surface as shown in Figure 1.

Because this BMP is filled with an engineered soil media, pore space in the soil and gravel layer
is assumed to provide storage volume. However, several considerations must be noted:

e Surcharge storage above the soil surface (6 inches) is important to assure that design
flows do not bypass the BMP when runoff exceeds the soil’s absorption rate.

e In cases where the Bioretention Facility contains engineered soil media deeper than 36
inches, the pore space within the engineered soil media can only be counted to the 36-
inch depth.

e A maximum of 30 percent pore space can be used for the soil media whereas a
maximum of 40 percent pore space can be use for the gravel layer.

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
Page 2

Figure 1: Standard Layout for a Bioretention Facility



BIORETENTION FACILITY BMP FACT SHEET

Engineered Soil Media Requirements

The engineered soil media shall be comprised of 85 percent mineral component and 15 percent
organic component, by volume, drum mixed prior to placement. The mineral component shall
be a Class A sandy loam topsoil that meets the range specified in Table 1 below. The organic
component shall be nitrogen stabilized compost’, such that nitrogen does not leach from the
media.

Table 1: Mineral Component Range Requirements

Percent Range

70-80 Sand
15-20 Silt
5-10 Clay

The trip ticket, or certificate of compliance, shall be made available to the inspector to prove
the engineered mix meets this specification.

Vegetation Requirements

Vegetative cover is important to minimize erosion and ensure that treatment occurs in the
Bioretention Facility. The area should be designed for at least 70 percent mature coverage
throughout the Bioretention Facility. To prevent the BMP from being used as walkways,
Bioretention Facilities shall be planted with a combination of small trees, densely planted
shrubs, and natural grasses. Grasses shall be native or ornamental; preferably ones that do not
need to be mowed. The application of fertilizers and pesticides should be minimal. To maintain
oxygen levels for the vegetation and promote biodegradation, it is important that vegetation
not be completely submerged for any extended period of time. Therefore, a maximum of 6
inches of ponded water shall be used in the design to ensure that plants within the Bioretention
Facility remain healthy.

A 2 to 3-inch layer of standard shredded aged hardwood mulch shall be placed as the top layer
inside the Bioretention Facility. The 6-inch ponding depth shown in Figure 1 above shall be
measured from the top surface of the 2 to 3-inch mulch layer.

Curb Cuts

To allow water to flow into the Bioretention Facility, 1-foot-wide (minimum) curb cuts should
be placed approximately every 10 feet around the perimeter of the Bioretention Facility. Figure
2 shows a curb cut in a Bioretention Facility. Curb cut flow lines must be at or above the Vpup
water surface level.

! For more information on compost, visit the US Composting Council website at: http://compostingcouncil.org/

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
Page 3



BIORETENTION FACILITY BMP FACT SHEET

Fi» 7 ._(::' . .
Figure 2: Curb Cut located in a Bioretention Facility

To reduce erosion, a gravel pad shall be placed
at each inlet point to the Bioretention Facility.
The gravel should be 1- to 1.5-inch diameter in
size. The gravel should overlap the curb cut
opening a minimum of 6 inches. The gravel pad
inside the Bioretention Facility should be flush
with the finished surface at the curb cut and
extend to the bottom of the slope.

In addition, place an apron of stone or concrete,
a foot square or larger, inside each inlet to
prevent vegetation from growing up and
blocking the inlet. See Figure 3.

Figure 3: Apron located in a Bioretention Facility

Terracing the Landscaped Filter Basin

It is recommended that Bioretention Facilities be level. In the event the facility site slopes and
lacks proper design, water would fill the lowest point of the BMP and then discharge from the
basin without being treated. To ensure that the water will be held within the Bioretention
Facility on sloped sites, the BMP must be terraced with nonporous check dams to provide the
required storage and treatment capacity.

The terraced version of this BMP shall be used on non-flat sites with no more than a 3 percent
slope. The surcharge depth cannot exceed 0.5 feet, and side slopes shall not exceed 4:1. Table 2
below shows the spacing of the check dams, and slopes shall be rounded up (i.e., 2.5 percent
slope shall use 10' spacing for check dams).

Table 2: Check Dam Spacing

6” Check Dam Spacing

Slope Spacing
1% 25'
2% 15'
3% 10’
Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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BIORETENTION FACILITY BMP FACT SHEET

Roof Runoff

Roof downspouts may be directed towards Bioretention Facilities. However, the downspouts
must discharge onto a concrete splash block to protect the Bioretention Facility from erosion.
Retaining Walls

It is recommended that Retaining Wall Type 1A, per Caltrans Standard B3-3 or equivalent, be
constructed around the entire perimeter of the Bioretention Facility. This practice will protect
the sides of the Bioretention Facility from collapsing during construction and maintenance or
from high service loads adjacent to the BMP. Where such service loads would not exist adjacent
to the BMP, an engineered alternative may be used if signed by a licensed civil engineer.

Side Slope Requirements

Bioretention Facilities Requiring Side Slopes

The design should assure that the Bioretention Facility does not present a tripping hazard.
Bioretention Facilities proposed near pedestrian areas, such as areas parallel to parking spaces
or along a walkway, must have a gentle slope to the bottom of the facility. Side slopes inside of
a Bioretention Facility shall be 4:1. A typical cross section for the Bioretention Facility is shown
in Figure 1.

Bioretention Facilities Not Requiring Side Slopes

Where cars park perpendicular to the Bioretention Facility, side slopes are not required. A 6-
inch maximum drop may be used, and the Bioretention Facility must be planted with trees and
shrubs to prevent pedestrian access. In this case, a curb is not placed around the Bioretention
Facility,

but wheel stops shall be used to prevent vehicles from entering the Bioretention Facility, as
shown in Figure 4.

VARIES |
2 MINIRAUR CALTRANS D73 TYPE 5-1 OR FUNCTIONAL
EQUIVALENT DROP | NLET
WHEELSTOP {AS NEEDED) P?ND”_“'G DEPTH WHEELSTOP {AS NEEDED]
= MAXI MU ARIING (1Y)
PARKING (TYP >j : ARK '
Ny W VA4 \V\V’ = 777
I .:_l. - - N N ) . . . " . o, . . - - |
e e e L S MATURE EGETATION '
18- 36 Py e Tl U AND 2-3" MULCH LAYER - - p '
ENGINEERED |1 =] " © 0 e e e A '
SOILMEDIA [t :
i o i
= S ——
3 ' --ﬂﬁ%@%m 93:‘*"3}, - :
=T
!

=1\

P

RETAINING WALL TYPE 1A PER-E TIESUBDRAIN

: " PERFORATED FIPE | ,
CALTRANS STANDARD B3-3 OR IMT O TMLET b:
EMGINEERED ALTERNATIVE BASED L
OMN GEQTECHMICAL PARANETERS ( ~
Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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BIORETENTION FACILITY BMP FACT SHEET

Planter Boxes

Bioretention Facilities can also be placed above ground as planter boxes. Planter boxes must
have a minimum width of 2 feet, a maximum surcharge depth of 6 inches, and no side slopes
are necessary. Planter boxes must be constructed so as to ensure that the top surface of the
engineered soil media will remain level. This option may be constructed of concrete, brick,
stone or other stable materials that will not warp or bend. Chemically treated wood or
galvanized steel, which has the ability to contaminate stormwater, should not be used. Planter
boxes must be lined with an impermeable liner on all sides, including the bottom. Due to the
impermeable liner, the inside bottom of the planter box shall be designed and constructed with
a cross fall, directing treated flows within the subdrain layer toward the point where subdrain
exits the planter box, and subdrains shall be oriented with drain holes oriented down. These
provisions will help avoid excessive stagnant water within the gravel underdrain layer. Similar
to the in-ground Bioretention Facility versions, this BMP benefits from healthy plants and
biological activity in the root zone. Planter boxes should be planted with appropriately selected

vegetation. _
m
-

Figure 5: Planter Box
Source: LA Team Effort

Overflow

An overflow route is needed in the Bioretention Facility design to bypass stored runoff from
storm events larger than Vgwp or in the event of facility or subdrain clogging. Overflow systems
must connect to an acceptable discharge point, such as a downstream conveyance system as
shown in Figure 1 and Figure 4. The inlet to the overflow structure shall be elevated inside the
Bioretention Facility to be flush with the ponding surface for the design capture volume (Vgwp)
as shown in Figure 4. This will allow the design capture volume to be fully treated by the
Bioretention Facility, and for larger events to safely be conveyed to downstream systems. The
overflow inlet shall not be located in the entrance of a Bioretention Facility, as shown in Figure
6.

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
Page 6



BIORETENTION FACILITY BMP FACT SHEET

Underdrain Gravel and Pipes
An underdrain gravel layer and pipes shall be provided in accordance with Appendix B —
Underdrains.

Inspection and Maintenance Schedule

The Bioretention Facility area shall be inspected for erosion, dead vegetation, soggy soils, or
standing water. The use of fertilizers and pesticides on the plants inside the Bioretention
Facility should be minimized.

Schedule _ Activity

e Keep adjacent landscape areas maintained. Remove clippings from
landscape maintenance activities.
Sl e Remove trash and debris
e Replace damaged grass and/or plants
e Replace surface mulch layer as needed to maintain a 2-3 inch soil
cover.
After storm events e Inspect areas for ponding
Annually e Inspect/clean inlets and outlets
Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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Bioretention Facility Design Procedure

1) Enter the area tributary, A, to the Bioretention Facility.
2) Enter the Design Volume, Vgup, determined from Section 2.1 of this Handbook.

3) Select the type of design used. There are two types of Bioretention Facility designs: the
standard design used for most project sites that include side slopes, and the modified
design used when the BMP is located perpendicular to the parking spaces or with
planter boxes that do not use side slopes.

4) Enter the depth of the engineered soil media, ds. The minimum depth for the
engineered soil media can be 18' in limited cases, but it is recommended to use 24' or a
preferred 36' to provide an adequate root zone for the chosen plant palette. Engineered
soil media deeper than 36' will only get credit for the pore space in the first 36'.

5) Enter the top width of the Bioretention Facility.

6) Calculate the total effective depth, dg, within the Bioretention Facility. The maximum
allowable pore space of the soil media is 30% while the maximum allowable pore space
for the gravel layer is 40%. Gravel layer deeper than 12' will only get credit for the pore
space in the first 12".

W’T
ad, w_-8d, 4d,
Wf —— Z ; )
SN "' % : f \ Lo B 2 po \ :.-.'l:: i:, 2 :;u’
J— A f e - .7 rEngineerad SO“ mgdiawith 30.% pore space’. : ! .
-“-uu-. W ' IE-'.-_
- _—ll.'l-

a. For the design with side slopes the following equation shall be used to determine
the total effective depth. Where, dp is the depth of ponding within the basin.

0.3 X [(WT(ft) x dg(ft)) + 4(dp(ft))2] + 0.4 x 1(ft) + dp(f) [4dp(f) + (wr(ft) — 8dp(ft))]

de(ft) =
e(ft) WD)
This above equation can be simplified if the maximum ponding depth of 0.5 is
used. The equation below is used on the worksheet to find the minimum area
required for the Bioretention Facility:
0.7 (ft?)
dg(ft) = (0.3 x dg(ft) + 0.4 x 1(ft)) — | ——=—=] + 0.5(ft)
Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012

Page 8



b. For the design without side slopes the following equation shall be used to
determine the total effective depth:
dg(ft) = dp(ft) + [(0.3) x dg(ft) + (0.4) x 1(ft)]

The equation below, using the maximum ponding depth of 0.5', is used on the
worksheet to find the minimum area required for the Bioretention Facility:

dg(ft) = 0.5 (ft) + [(0.3) x dg(ft) + (0.4) x 1(ft)]

7) Calculate the minimum surface area, Ay, required for the Bioretention Facility. This does
not include the curb surrounding the Bioretention Facility or side slopes.

Vemp (ft3)

Ay (ft?) = )

8) Enter the proposed surface area. This area shall not be less than the minimum required
surface area.

9) Verify that side slopes are no steeper than 4:1 in the standard design, and are not
required in the modified design.

10) Provide the diameter, minimum 6 inches, of the perforated underdrain used in the
Bioretention Facility. See Appendix B for specific information regarding perforated

pipes.

11) Provide the slope of the site around the Bioretention Facility, if used. The maximum
slope is 3 percent for a standard design.

12) Provide the check dam spacing, if the site around the Bioretention Facility is sloped.

13) Describe the vegetation used within the Bioretention Facility.

Riverside County - Low Impact Development BMP Design Handbook rev. 2/2012
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Non-Stormwater Discharges SC-10

Objectives

Protect the Bay m Contain
Sii° m Educate

m Reduce/Minimize

=T
=
Use the Household Waste
Treatment Facility
Graphic by: Margie Winter
Description Targeted Constituents
Non-stormwater discharges are those flows that do not consist Sediment %
entirely of stormwater. For municipalities non-stormwater Nutrients ™
discharges present themselves in two situations. One is from Trash ™
fixed facilities owned and/or operated by the municipality. The
. R . . Metals M
other situation is non-stormwater discharges that are discovered Bacteria ¥
during the normal operation of a field program. Some non- Oiland G -
stormwater discharges do not include pollutants and may be ' an. fease
discharged to the storm drain. These include uncontaminated Organics . M
groundwater and natural springs. There are also some non- Oxygen Demanding M

stormwater discharges that typically do not contain pollutants
and may be discharged to the storm drain with conditions. These
include car washing, and surface cleaning. However, there are
certain non-stormwater discharges that pose environmental
concern. These discharges may originate from illegal dumping
or from internal floor drains, appliances, industrial processes,
sinks, and toilets that are connected to the nearby storm
drainage system. These discharges (which may include: process
waste waters, cooling waters, wash waters, and sanitary
wastewater) can carry substances (such as paint, oil, fuel and
other automotive fluids, chemicals and other pollutants) into
storm drains. The ultimate goal is to effectively eliminate non-
stormwater discharges to the stormwater drainage system
through implementation of measures to detect, correct, and
enforce against illicit connections and illegal discharges.

Approach

The municipality must address non-stormwater discharges from
its fixed facilities by assessing the types of non-stormwater
discharges and implementing BMPs for the discharges
determined to pose environmental concern. For field programs

CALIFORNIA STORMWATER
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SC-10 Non-Stormwater Discharges

the field staff must be trained to now what to look for regarding non-stormwater discharges and
the procedures to follow in investigating the detected discharges.

Suggested Protocols
Fixed Facility

General

m  Post “No Dumping” signs with a phone number for reporting dumping and disposal. Signs
should also indicate fines and penalties for illegal dumping.

m  Stencil storm drains, where applicable, to prevent illegal disposal of pollutants. Storm drain
inlets should have messages such as “Dump No Waste Drains to Stream” stenciled next to
them to warn against ignorant or intentional dumping of pollutants into the storm drainage
system.

m  Landscaping and beautification efforts of hot spots might also discourage future dumping,
as well as provide open space and increase property values.

m Lighting or barriers may also be needed to discourage future dumping.
Illicit Connections

m  Locate discharges from the fixed facility drainage system to the municipal storm drain
system through review of “as-built” piping schematics.

m  Use techniques such as smoke testing, dye testing and television camera inspection (as noted
below) to verify physical connections.

m Isolate problem areas and plug illicit discharge points.
Visual Inspection and Inventory
m Inventory and inspect each discharge point during dry weather.

m  Keep in mind that drainage from a storm event can continue for several days following the
end of a storm and groundwater may infiltrate the underground stormwater collection
system. Also, non-stormwater discharges are often intermittent and may require periodic
inspections.

Review Infield Piping

m  Review the “as-built” piping schematic as a way to determine if there are any connections to
the stormwater collection system.

m Inspect the path of floor drains in older buildings.
Smoke Testing

= Smoke testing of wastewater and stormwater collection systems is used to detect
connections between the two systems.
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Non-Stormwater Discharges SC-10

During dry weather the stormwater collection system is filled with smoke and then traced to
sources. The appearance of smoke at the base of a toilet indicates that there may be a
connection between the sanitary and the stormwater system.

Dye Testing

A dye test can be performed by simply releasing a dye into either your sanitary or process
wastewater system and examining the discharge points from the stormwater collection
system for discoloration.

TV Inspection of Storm Sewer

TV Cameras can be employed to visually identify illicit connections to the fixed facility storm
drain system.

Illegal Dumping

Regularly inspect and clean up hot spots and other storm drainage areas where illegal
dumping and disposal occurs.

Clean up spills on paved surfaces with as little water as possible. Use a rag for small spills, a
damp mop for general cleanup, and absorbent material for larger spills. If the spilled
material is hazardous, then the used cleanup materials are also hazardous and must be sent
to a certified laundry (rags) or disposed of as hazardous waste.

Never hose down or bury dry material spills. Sweep up the material and dispose of properly.

Use adsorbent materials on small spills rather than hosing down the spill. Remove the
adsorbent materials promptly and dispose of properly.

For larger spills, a private spill cleanup company or Hazmat team may be necessary.

See fact sheet SC-11 Spill Prevention, Control, and Clean Up.

Field Program

General

Develop clear protocols and lines of communication for effectively prohibiting non-
stormwater discharges, especially ones that involve more than one jurisdiction and those
that are not classified as hazardous, which are often not responded to as effectively as they
need to be.

Stencil storm drains, where applicable, to prevent illegal disposal of pollutants. Storm drain
inlets should have messages such as “Dump No Waste Drains to Stream” stenciled next to
them to warn against ignorant or intentional dumping of pollutants into the storm drainage
system.

See SC-74 Stormwater Drainage System Maintenance for additional information.
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SC-10 Non-Stormwater Discharges

Field Inspection

m  Regularly inspect and clean up hot spots and other storm drainage areas where illegal
dumping and disposal occurs.

m  During routine field program maintenance field staff should look for evidence of illegal
discharges or illicit connection:

- Isthere evidence of spills such as paints, discoloring, etc.
- Are there any odors associated with the drainage system

- Record locations of apparent illegal discharges/illicit connections and notify appropriate
investigating agency.

m Iftrained, conduct field investigation of non-stormwater discharges to determine whether
they pose a threat to water quality.

Recommended Complaint Investigation Equipment
m  Field Screening Analysis
- pH paper or meter

- Commercial stormwater pollutant screening kit that can detect for reactive phosphorus,
nitrate nitrogen, ammonium nitrogen, specific conductance, and turbidity

- Sample jars

- Sample collection pole

- Atool to remove access hole covers
m Laboratory Analysis

- Sample cooler

- Ice

- Sample jars and labels

- Chain of custody forms.
m  Documentation

- Camera

- Notebook

- Pens

- Notice of Violation forms
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Non-Stormwater Discharges SC-10

Educational materials

Reporting

A database is useful for defining and tracking the magnitude and location of the problem.

Report prohibited non-stormwater discharges observed during the course of normal daily
activities so they can be investigated, contained and cleaned up or eliminated.

Document that non-stormwater discharges have been eliminated by recording tests
performed, methods used, dates of testing, and any onsite drainage points observed.

Maintain documentation of illicit connection and illegal dumping incidents, including
significant conditionally exempt discharges that are not properly managed.

Enforcement

Educate the responsible party if identified on the impacts of their actions, explain the
stormwater requirements, and provide information regarding Best Management Practices
(BMP), as appropriate. Initiate follow-up and/or enforcement procedures.

If an illegal discharge is traced to a commercial, residential or industrial source, conduct the
following activities or coordinate the following activities with the appropriate agency:

- Contact the responsible party to discuss methods of eliminating the non-stormwater
discharge, including disposal options, recycling, and possible discharge to the sanitary
sewer (if within POTW limits).

- Provide information regarding BMPs to the responsible party, where appropriate.

- Begin enforcement procedures, if appropriate.

- Continue inspection and follow-up activities until the illicit discharge activity has ceased.

If an illegal discharge is traced to a commercial or industrial activity, coordinate information
on the discharge with the jurisdiction's commercial and industrial facility inspection
program.

Training

Train technical staff to identify and document illegal dumping incidents.

Well-trained employees can reduce human errors that lead to accidental releases or spills.
The employee should have the tools and knowledge to immediately begin cleaning up a spill
if one should occur. Employees should be familiar with the Spill Prevention Control and
Countermeasure Plan.

m Train employees to identify non-stormwater discharges and report them to the appropriate
departments.

m  Train staff who have the authority to conduct surveillance and inspections, and write
citations for those caught illegally dumping.
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SC-10 Non-Stormwater Discharges

m Train municipal staff responsible for surveillance and inspection in the following:

- OSHA-required Health and Safety Training (29 CFR 1910.120) plus annual refresher
training (as needed).

- OSHA Confined Space Entry training (Cal-OSHA Confined Space, Title 8 and federal
OSHA 29 CFR 1910.146).

- Procedural training (field screening, sampling, smoke/dye testing, TV inspection).
m  Educate the identified responsible party on the impacts of his or her actions.

Spill Response and Prevention
m  See SC-11 Spill Prevention Control and Clean Up

Other Considerations

m  The elimination of illegal dumping is dependent on the availability, convenience, and cost of
alternative means of disposal. The cost of fees for dumping at a proper waste disposal
facility are often more than the fine for an illegal dumping offense, thereby discouraging
people from complying with the law. The absence of routine or affordable pickup service for
trash and recyclables in some communities also encourages illegal dumping. A lack of
understanding regarding applicable laws or the inadequacy of existing laws may also
contribute to the problem.

m  Municipal codes should include sections prohibiting the discharge of soil, debris, refuse,
hazardous wastes, and other pollutants into the storm drain system.

m  Many facilities do not have accurate, up-to-date schematic drawings.
m  Can be difficult to locate illicit connections especially if there is groundwater infiltration.

Requirements
Costs

m  Eliminating illicit connections can be expensive especially if structural modifications are
required such re-plumbing cross connections under an existing slab.

m  Minor cost to train field crews regarding the identification of non-stormwater discharges.
The primary cost is for a fully integrated program to identify and eliminate illicit connections
and illegal dumping. However, by combining with other municipal programs (i.e.
pretreatment program) cost may be lowered.

m  Municipal cost for containment and disposal may be borne by the discharger.

Maintenance
Not applicable
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Non-Stormwater Discharges SC-10

Supplemental Information
Further Detail of the BMP
What constitutes a “non-stormwater” discharge?

m  Non-stormwater discharges are discharges not made up entirely of stormwater and include
water used directly in the manufacturing process (process wastewater), air conditioning
condensate and coolant, non-contact cooling water, cooling equipment condensate, outdoor
secondary containment water, vehicle and equipment wash water, landscape irrigation, sink
and drinking fountain wastewater, sanitary wastes, or other wastewaters.

Permit Requirements

m  Current municipal NPDES permits require municipalities to effectively prohibit non-
stormwater discharges unless authorized by a separate NPDES permit or allowed in
accordance with the current NPDES permit conditions. Typically the current permits allow
certain non-stormwater discharges in the storm drain system as long as the discharges are
not significant sources of pollutants. In this context the following non-stormwater
discharges are typically allowed:

- Diverted stream flows;

- Rising found waters;

- Uncontaminated ground water infiltration (as defined at 40 CFR 35.2005(20));
- Uncontaminated pumped ground water;

- Foundation drains;

- Springs;

- Water from crawl space pumps;

- Footing drains;

- Air conditioning condensation;

- Flows from riparian habitats and wetlands;

- Water line and hydrant flushing ;

- Landscape irrigation;

- Planned and unplanned discharges from potable water sources;
- Irrigation water;

- Individual residential car washing; and

- Lawn watering.
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SC-10 Non-Stormwater Discharges

Municipal facilities subject to industrial general permit requirements must include a
certification that the stormwater collection system has been tested or evaluated for the presence
of non-stormwater discharges. The state’s General Industrial Stormwater Permit requires that
non-stormwater discharges be eliminated prior to implementation of the facility’s SWPPP.

Illegal Dumping

m  Establish a system for tracking incidents. The system should be designed to identify the
following:

- Illegal dumping hot spots
- Types and quantities (in some cases) of wastes
- Patterns in time of occurrence (time of day/night, month, or year)

- Mode of dumping (abandoned containers, “midnight dumping” from moving vehicles,
direct dumping of materials, accidents/spills)

- Responsible parties
Outreach

One of the keys to success of reducing or eliminating illegal dumping is increasing the number of
people on the street who are aware of the problem and who have the tools to at least identify the
incident, if not correct it. There we a number of ways of accomplishing this:

m  Train municipal staff from all departments (public works, utilities, street cleaning, parks and
recreation, industrial waste inspection, hazardous waste inspection, sewer maintenance) to
recognize and report the incidents.

m  Deputize municipal staff who may come into contact with illegal dumping with the authority
to write illegal dumping tickets for offenders caught in the act (see below).

m  Educate the public. As many as 3 out of 4 people do not understand that in most
communities the storm drain does not go to the wastewater treatment plant. Unfortunately,
with the heavy emphasis in recent years on public education about solid waste management,
including recycling and household hazardous waste, the sewer system (both storm and
sanitary) has been the likely recipient of cross-media transfers of waste.

m  Provide the public with a mechanism for reporting incidents such as a hot line and/or door
hanger (see below).

m  Help areas where incidents occur more frequently set up environmental watch programs
(like crime watch programs).

m Train volunteers to notice and report the presence and suspected source of an observed
pollutant to the appropriate public agency.
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Non-Stormwater Discharges SC-10

What constitutes a “non-stormwater” discharge?

m  Non-stormwater discharges are discharges not made up entirely of stormwater and include
water used directly in the manufacturing process (process wastewater), air conditioning
condensate and coolant, non-contact cooling water, cooling equipment condensate, outdoor
secondary containment water, vehicle and equipment wash water, landscape irrigation, sink
and drinking fountain wastewater, sanitary wastes, or other wastewaters.

Permit Requirements

m  Current municipal NPDES permits require municipalities to effectively prohibit non-
stormwater discharges unless authorized by a separate NPDES permit or allowed in
accordance with the current NPDES permit conditions. Typically the current permits allow
certain non-stormwater discharges in the storm drain system as long as the discharges are
not significant sources of pollutants. In this context the following non-stormwater
discharges are typically allowed:

- Diverted stream flows;

- Rising found waters;

- Uncontaminated ground water infiltration (as defined at 40 CFR 35.2005(20));
- Uncontaminated pumped ground water;

- Foundation drains;

- Springs;

- Water from crawl space pumps;

- Footing drains;

- Air conditioning condensation;

- Flows from riparian habitats and wetlands;

- Water line and hydrant flushing ;

- Landscape irrigation;

- Planned and unplanned discharges from potable water sources;
- Irrigation water;

- Individual residential car washing; and

- Lawn watering.

Municipal facilities subject to industrial general permit requirements must include a
certification that the stormwater collection system has been tested or evaluated for the presence
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SC-10 Non-Stormwater Discharges

of non-stormwater discharges. The state’s General Industrial Stormwater Permit requires that
non-stormwater discharges be eliminated prior to implementation of the facility’s SWPPP.

Storm Drain Stenciling

m  Stencil storm drain inlets with a message to prohibit illegal dumpings, especially in areas
with waste handling facilities.

m  Encourage public reporting of improper waste disposal by a HOTLINE number stenciled
onto the storm drain inlet.

m  See Supplemental Information section of this fact sheet for further detail on stenciling
program approach.

Oil Recycling
m  Contract collection and hauling of used oil to a private licensed used oil hauler/recycler.

m  Comply with all applicable state and federal regulations regarding storage, handling, and
transport of petroleum products.

m  Create procedures for collection such as; collection locations and schedule, acceptable
containers, and maximum amounts accepted.

m  The California Integrated Waste Management Board has a Recycling Hotline, (800) 553-
2962, that provides information and recycling locations for used oil.

Household Hazardous Waste

m  Provide household hazardous waste (HHW) collection facilities. Several types of collection
approaches are available including permanent, periodic, or mobile centers, curbside
collection, or a combination of these systems.

Training
m Train municipal employees and contractors in proper and consistent methods for waste
disposal.

m  Train municipal employees to recognize and report illegal dumping.
m  Train employees and subcontractors in proper hazardous waste management.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup

m  Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.

m  Properly dispose of spill cleanup material.
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Non-Stormwater Discharges SC-10

Other Considerations

m  Federal Regulations (RCRA, SARA, CERCLA) and state regulations exist regarding the
disposal of hazardous waste.

m  Municipalities are required to have a used oil recycling element and a HHW element within
their integrated waste management plan.

m Significant liability issues are involved with the collection, handling, and disposal of HHW.

Examples

The City of Palo Alto has developed a public participation program for reporting dumping
violations. When a concerned citizen or public employee encounters evidence of illegal
dumping, a door hanger (similar in format to hotel “Do Not Disturb” signs) is placed on the
front doors in the neighborhood. The door hanger notes that a violation has occurred in the
neighborhood, informs the reader why illegal dumping is a problem, and notes that illegal
dumping carries a significant financial penalty. Information is also provided on what citizens
can do as well as contact numbers for more information or to report a violation.

The Port of Long Beach has a state of the art database incorporating storm drain infrastructure,
potential pollutant sources, facility management practices, and a pollutant tracking system.

The State Department of Fish and Game has a hotline for reporting violations called CalTIP (1-
800-952-5400). The phone number may be used to report any violation of a Fish and Game
code (illegal dumping, poaching, etc.).

The California Department of Toxic Substances Control’s Waste Alert Hotline, 1-800-69TOXIC,
can be used to report hazardous waste violations.

References and Resources
http://www.stormwatercenter.net/

California’s Nonpoint Source Program Plan http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Stormwater Pollution Control Manual - http://dnr.metrokc.gov/wlr/dss/spcm.htm

Orange County Stormwater Program,
http://www.ocwatersheds.com/stormwater/swp_ introduction.asp

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program

(http://www.projectcleanwater.org)

Santa Clara Valley Urban Runoff Pollution Prevention Program

http://www.scvurppp-w2k.com/pdf%20documents/PS ICID.PDF
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Spill Prevention, Control & Cleanup SC-11

Description

Spills and leaks, if not properly controlled, can adversely impact
the storm drain system and receiving waters. Due to the type of
work or the materials involved, many activities that occur either
at a municipal facility or as a part of municipal field programs
have the potential for accidental spills and leaks. Proper spill
response planning and preparation can enable municipal
employees to effectively respond to problems when they occur
and minimize the discharge of pollutants to the environment.

Approach
m  An effective spill response and control plan should include:

- Spill/leak prevention measures;
- Spill response procedures;

- Spill cleanup procedures;

- Reporting; and

- Training

m A well thought out and implemented plan can prevent
pollutants from entering the storm drainage system and can
be used as a tool for training personnel to prevent and
control future spills as well.

Pollution Prevention

m  Develop and implement a Spill Prevention Control and
Response Plan. The plan should include:

Objectives

m Cover

Contain

Educate

Reduce/Minimize

Product Substitution

Targeted Constituents

Sediment

Nutrients

Trash

Metals

Bacteria

Oil and Grease
Organics

Oxygen Demanding
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SC-11 Spill Prevention, Control & Cleanup

- Adescription of the facility, the address, activities and materials involved

- Identification of key spill response personnel

- Identification of the potential spill areas or operations prone to spills/leaks
- Identification of which areas should be or are bermed to contain spills/leaks

- Facility map identifying the key locations of areas, activities, materials, structural BMPs,
etc.

- Material handling procedures
- Spill response procedures including:
- Assessment of the site and potential impacts
- Containment of the material
- Notification of the proper personnel and evacuation procedures
- Clean up of the site
- Disposal of the waste material and
- Proper record keeping

Product substitution — use less toxic materials (i.e. use water based paints instead of oil
based paints)

Recycle, reclaim, or reuse materials whenever possible. This will reduce the amount of
materials that are brought into the facility or into the field.

Suggested Protocols
Spill/Leak Prevention Measures

If possible, move material handling indoors, under cover, or away from storm drains or
sensitive water bodies.

Properly label all containers so that the contents are easily identifiable.
Berm storage areas so that if a spill or leak occurs, the material is contained.

Cover outside storage areas either with a permanent structure or with a seasonal one such as
a tarp so that rain can not come into contact with the materials.

Check containers (and any containment sumps) often for leaks and spills. Replace
containers that are leaking, corroded, or otherwise deteriorating with containers in good
condition. Collect all spilled liquids and properly dispose of them.
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Spill Prevention, Control & Cleanup SC-11

m  Store, contain and transfer liquid materials in such a manner that if the container is
ruptured or the contents spilled, they will not discharge, flow or be washed into the storm
drainage system, surface waters, or groundwater.

m  Place drip pans or absorbent materials beneath all mounted taps and at all potential drip
and spill locations during the filling and unloading of containers. Any collected liquids or
soiled absorbent materials should be reused/recycled or properly disposed of.

m For field programs, only transport the minimum amount of material needed for the daily
activities and transfer materials between containers at a municipal yard where leaks and
spill are easier to control.

m If paved, sweep and clean storage areas monthly, do not use water to hose down the area
unless all of the water will be collected and disposed of properly.

m Install a spill control device (such as a tee section) in any catch basins that collect runoff
from any storage areas if the materials stored are oil, gas, or other materials that separate
from and float on water. This will allow for easier cleanup if a spill occurs.

m If necessary, protect catch basins while conducting field activities so that if a spill occurs, the
material will be contained.

Training
m  Educate employees about spill prevention, spill response and cleanup on a routine basis.

m  Well-trained employees can reduce human errors that lead to accidental releases or spills:

- The employees should have the tools and knowledge to immediately begin cleaning up a
spill if one should occur.

- Employees should be familiar with the Spill Prevention Control and Countermeasure
Plan if one is available.

m Training of staff from all municipal departments should focus on recognizing and reporting
potential or current spills/leaks and who they should contact.

m  Employees responsible for aboveground storage tanks and liquid transfers for large bulk
containers should be thoroughly familiar with the Spill Prevention Control and
Countermeasure Plan and the plan should be readily available.

Spill Response and Prevention
m Identify key spill response personnel and train employees on who they are.

m  Store and maintain appropriate spill cleanup materials in a clearly marked location near
storage areas; and train employees to ensure familiarity with the site’s spill control plan
and/or proper spill cleanup procedures.

m Locate spill cleanup materials, such as absorbents, where they will be readily accessible (e.g.
near storage and maintenance areas, on field trucks).
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SC-11 Spill Prevention, Control & Cleanup

Follow the Spill Prevention Control and Countermeasure Plan if one is available.

If a spill occurs, notify the key spill response personnel immediately. If the material is
unknown or hazardous, the local fire department may also need to be contacted.

If safe to do so, attempt to contain the material and block the nearby storm drains so that the
area impacted is minimized. If the material is unknown or hazardous wait for properly
trained personnel to contain the materials.

Perform an assessment of the area where the spill occurred and the downstream area that it
could impact. Relay this information to the key spill response and clean up personnel.

Spill Cleanup Procedures

Small non-hazardous spills
- Use arag, damp cloth or absorbent materials for general clean up of liquids
- Use brooms or shovels for the general clean up of dry materials

- If water is used, it must be collected and properly disposed of. The wash water can not
be allowed to enter the storm drain.

- Dispose of any waste materials properly

- Clean or dispose of any equipment used to clean up the spill properly

Large non-hazardous spills

- Use absorbent materials for general clean up of liquids

- Use brooms, shovels or street sweepers for the general clean up of dry materials

- If water is used, it must be collected and properly disposed of. The wash water can not
be allowed to enter the storm drain.

- Dispose of any waste materials properly
- Clean or dispose of any equipment used to clean up the spill properly

For hazardous or very large spills, a private cleanup company or Hazmat team may need to
be contacted to assess the situation and conduct the cleanup and disposal of the materials.

Chemical cleanups of material can be achieved with the use of absorbents, gels, and foams.
Remove the adsorbent materials promptly and dispose of according to regulations.

If the spilled material is hazardous, then the used cleanup materials are also hazardous and
must be sent to a certified laundry (rags) or disposed of as hazardous waste.

Reporting

Report any spills immediately to the identified key municipal spill response personnel.
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Spill Prevention, Control & Cleanup SC-11

m  Report spills in accordance with applicable reporting laws. Spills that pose an immediate
threat to human health or the environment must be reported immediately to the Office of
Emergency Service (OES)

m  Spills that pose an immediate threat to human health or the environment may also need to
be reported within 24 hours to the Regional Water Quality Control Board.

m  Federal regulations require that any oil spill into a water body or onto an adjoining shoreline
be reported to the National Response Center (NRC) at 800-424-8802 (24 hour)

m  After the spill has been contained and cleaned up, a detailed report about the incident
should be generated and kept on file (see the section on Reporting below). The incident may
also be used in briefing staff about proper procedures

Other Considerations

m State regulations exist for facilities with a storage capacity of 10,000 gallons or more of
petroleum to prepare a Spill Prevention Control and Countermeasure Plan (SPCC) Plan
(Health & Safety Code Chapter 6.67).

m  State regulations also exist for storage of hazardous materials (Health & Safety Code Chapter
6.95), including the preparation of area and business plans for emergency response to the
releases or threatened releases.

m  Consider requiring smaller secondary containment areas (less than 200 sq. ft.) to be
connected to the sanitary sewer, if permitted to do so, prohibiting any hard connections to
the storm drain.

Requirements
Costs
m  Will vary depending on the size of the facility and the necessary controls.

m  Prevention of leaks and spills is inexpensive. Treatment and/or disposal of wastes,
contaminated soil and water is very expensive

Maintenance

m  This BMP has no major administrative or staffing requirements. However, extra time is
needed to properly handle and dispose of spills, which results in increased labor costs

Supplemental Information
Further Detail of the BMP
Reporting

Record keeping and internal reporting represent good operating practices because they can
increase the efficiency of the response and containment of a spill. A good record keeping system
helps the municipality minimize incident recurrence, correctly respond with appropriate
containment and cleanup activities, and comply with legal requirements.

A record keeping and reporting system should be set up for documenting spills, leaks, and other
discharges, including discharges of hazardous substances in reportable quantities. Incident
records describe the quality and quantity of non-stormwater discharges to the storm drain.
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SC-11 Spill Prevention, Control & Cleanup

These records should contain the following information:

m  Date and time of the incident

m  Weather conditions

m  Duration of the spill/leak/discharge

m  Cause of the spill/leak/discharge

m  Response procedures implemented

m  Persons notified

m  Environmental problems associated with the spill/leak/discharge

Separate record keeping systems should be established to document housekeeping and
preventive maintenance inspections, and training activities. All housekeeping and preventive
maintenance inspections should be documented. Inspection documentation should contain the
following information:

m  The date and time the inspection was performed
m  Name of the inspector

m Items inspected

m  Problems noted

m  Corrective action required

m Date corrective action was taken

Other means to document and record inspection results are field notes, timed and dated
photographs, videotapes, and drawings and maps.

Examples

The City of Palo Alto includes spill prevention and control as a major element of its highly
effective program for municipal vehicle maintenance shops.

References and Resources

King County Stormwater Pollution Control Manual - http://dnr.metrokc.gov/wlr/dss/spcm.htm

Orange County Stormwater Program
http://www.ocwatersheds.com/stormwater/swp_introduction.asp

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP)
http://www.projectcleanwater.org/pdf/Model%20Program%20Municipal %20Facilities.pdf
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Vehicle and Equipment Fueling SC-20

Objectives

m Cover
m Contain
m Educate

m Reduce/Minimize

Targeted Constituents

I Sediment
Description Nutrients
Spills and leaks that occur during vehicle and equipment fueling
. . Trash %}
can contribute hydrocarbons, oil and grease, as well as heavy Vetal 7
metals to stormwater runoff. Implementing the following elas
management practices can help prevent fuel spills and leaks. Bacteria
Oil and Grease %}
Approach Organics 4|

Reduce potential for pollutant discharge through source control Oxygen Demanding
pollution prevention and BMP implementation. Successful
implementation depends on effective training of employees on
applicable BMPs and general pollution prevention strategies and
objectives.

Pollution Prevention

m  Use properly maintained offsite fueling stations whenever
possible. These businesses are better equipped to handle fuel
and spills properly.

m  Educate employees about pollution prevention measures and
goals

m  Focus pollution prevention activities on containment of spills
and leaks, most of which may occur during liquid transfers.

Suggested Protocols
General

m  "Spot clean" leaks and drips routinely. Leaks are not cleaned
up until the absorbent is picked up and disposed of properly.

CALIFORNIA STORMWATER
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SC-20 Vehicle and Equipment Fueling

m  Label drains within the facility boundary, by paint/stencil (or equivalent), to indicate
whether they flow to an oil/water separator, directly to the sewer, or to a storm drain.
Labels are not necessary for plumbing fixtures directly connected to the sanitary sewer but
may be useful to help eliminate confusion about where the drain leads.

m  Post signs to remind employees not to top off the fuel tank when filling and signs that ban
employees from changing engine oil or other fluids at that location.

m  Report leaking vehicles to fleet maintenance.

m Install inlet catch basin equipped with a small sedimentation basin or grit chamber to
remove large particles from stormwater in highly impervious areas. Proper maintenance of
these devices is necessary.

m  Accumulated non-contaminated stormwater (e.g., in a secondary containment) should be
released prior to next storm.

m  Ensure the following safeguards are in place:

- Overflow protection devices on tank systems to warn the operator to automatically
shutdown transfer pumps when the tank reaches full capacity.

- Protective guards around tanks and piping to prevent vehicle or forklift damage.
- Clearly tagging or labeling all valves to reduce human error.
- Automatic shut off for severed fuel hoses.

Fuel Dispensing Areas

m  Maintain clean fuel-dispensing areas using dry cleanup methods such as sweeping for
removal of litter and debris, or use of rags and absorbents for leaks and spills. Do not wash
down areas with water.

m Fit underground storage tanks with spill containment and overfill prevention systems
meeting the requirements of Section 2635(b) of Title 23 of the California Code of
Regulations.

m  Fit fuel dispensing nozzles with "hold-open latches" (automatic shutoffs) except where
prohibited by local fire departments.

m  Post signs at the fuel dispenser or fuel island warning vehicle owners/operators against
"topping off" of vehicle fuel tanks.

m  Design fueling area to prevent stormwater runoff and spills.

m  Cover fueling area with an overhanging roof structure or canopy so that precipitation cannot
come in contact with the fueling area and if possible use a perimeter drain or slope pavement
inward with drainage to a blind sump (must be properly maintained and water properly
disposed of); pave area with concrete rather than asphalt.
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Vehicle and Equipment Fueling SC-20

Apply a suitable sealant that protects the asphalt from spilled fuels in areas where covering
is infeasible and the fuel island is surrounded by pavement.

Install vapor recovery nozzles to help control drips as well as air pollution.
Use secondary containment when transferring fuel from the tank truck to the fuel tank.

Cover storm drains in the vicinity during transfer.

Outdoor Waste Receptacle Area

Spot clean leaks and drips routinely to prevent runoff of spillage.

Minimize the possibility of stormwater pollution from outside waste receptacles by using an
effective combination of the following:

use only watertight waste receptacle(s) and keep the lid(s) closed, or

grade and pave the waste receptacle area to prevent runon of stormwater, or
install a roof over the waste receptacle area, or

install a low containment berm around the waste receptacle area, or

use and maintain drip pans under waste receptacles. Containment areas and drip pans
must be properly maintained and collected water disposed of properly (e.g., to sanitary
sewer). Several drip pans should be stored in a covered location near outdoor waste
receptacle area so that they are always available, yet protected from precipitation when
not in use.

Post “no littering” signs.

Air/Water Supply Area

Minimize the possibility of stormwater pollution from air/water supply areas by
implementing an effective combination of the following:

spot clean leaks and drips routinely to prevent runoff of spillage, or
grade and pave the air/water supply area to prevent runon of stormwater, or
install a roof over the air/water supply area, or

install a low containment berm around the air/water supply area. Maintain containment
areas and dispose of contaminated water properly (e.g., to sanitary sewer).

Inspection

Aboveground Tank Leak and Spill Control:

Check for external corrosion and structural failure.
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SC-20 Vehicle and Equipment Fueling

- Check for spills and overfills due to operator error.
- Check for failure of piping system.

- Check for leaks or spills during pumping of liquids or gases from truck or rail car to a
storage facility or vice versa.

- Visually inspect new tank or container installation for loose fittings, poor welding, and
improper or poorly fitted gaskets.

- Inspect tank foundations, connections, coatings, and tank walls and piping system. Look
for corrosion, leaks, cracks, scratches, and other physical damage that may weaken the
tank or container system.

- Periodically, integrity testing should be conducted by a qualified professional.

Inspect and clean, if necessary, storm drain inlets and catch basins within the facility
boundary before October 1 each year.

Training

Train all employees upon hiring and annually thereafter on proper methods for handling
and disposing of waste. Make sure that all employees understand stormwater discharge
prohibitions, wastewater discharge requirements, and these best management practices.

Train employees on proper fueling and cleanup procedures.
Use a training log or similar method to document training.

Ensure that employees are familiar with the site’s spill control plan and/or proper spill
cleanup procedures.

Spill Response and Prevention

Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date.
Place stockpiles of spill cleanup materials where they are readily accessible.

Use adsorbent materials on small spills and general cleaning rather than hosing down the
area. Remove the adsorbent materials promptly and dispose properly.

Store portable absorbent booms (long flexible shafts or barriers made of absorbent material)
in unbermed fueling areas.

Report spills promptly.

Install an oil/water separator and connect to the sanitary sewer (if allowed), if a dead-end
sump is not used to collect spills.

Other Considerations

Carry out all federal and state requirements regarding underground storage tanks, or install
above ground tanks.
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Vehicle and Equipment Fueling SC-20

Requirements
Costs

m  The retrofitting of existing fueling areas to minimize stormwater exposure or spill runoff can
be expensive. Good design must occur during the initial installation.

m  Extruded curb along the “upstream” side of the fueling area to prevent stormwater runon is
of modest cost.

Maintenance
m Clean oil/water separators at appropriate intervals.

m  Keep ample supplies of spill cleanup materials onsite.

m Inspect fueling areas, storage tanks, catch basin inserts, containment areas, and drip pans on
a regular schedule.

Supplemental Information
Design Considerations
Designing New Installations

The elements listed below should be included in the design and construction of new or
substantially remodeled facilities.

Fuel Dispensing Areas

m  Fuel dispensing areas must be paved with Portland cement concrete (or, equivalent smooth
impervious surface), with a 2% to 4% slope to prevent ponding, and must be separated from
the rest of the site by a grade break that prevents runon of stormwater to the extent
practicable. The fuel dispensing area is defined as extending 6.5 feet from the corner of each
fuel dispenser or the length at which the hose and nozzle assembly may be operated plus 1
foot, whichever is less. The paving around the fuel dispensing area may exceed the
minimum dimensions of the "fuel dispensing area" stated above.

m  The fuel dispensing area must be covered, and the cover’s minimum dimensions must be
equal to or greater than the area within the grade break or the fuel dispensing area, as
defined above. The cover must not drain onto the fuel dispensing area.

m If necessary install and maintain an oil control device in the appropriate catch basin(s) to
treat runoff from the fueling area.

Outdoor Waste Receptacle Area

m Grade and pave the outdoor waste receptacle area to prevent runon of stormwater to the
extent practicable.

Air/Water Supply Area

m  Grade and pave the air/water supply area to prevent runon of stormwater to the extent
practicable.
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SC-20 Vehicle and Equipment Fueling

Designated Fueling Area

m If your facility has large numbers of mobile equipment working throughout the site and you
currently fuel them with a mobile fuel truck, consider establishing a designated fueling area.
With the exception of tracked equipment such as bulldozers and perhaps small forklifts,
most vehicles should be able to travel to a designated area with little lost time. Place
temporary “caps” over nearby catch basins or manhole covers so that if a spill occurs it is
prevented from entering the storm drain.

Examples

The Spill Prevention Control and Countermeasure (SPCC) Plan, which is required by law for
some facilities, is an effective program to reduce the number of accidental spills and minimize
contamination of stormwater runoff.

The City of Palo Alto has an effective program for commercial vehicle service facilities. Many of
the program’s elements, including specific BMP guidance and lists of equipment suppliers, are
also applicable to industrial facilities.

References and Resources

Best Management Practice Guide for Retail Gasoline Outlets, California Stormwater Quality
Task Force. 1997.

King County Stormwater Pollution Control Manual —
http//www.dnr.metroke.gov/wlr/dss/spcm.htm

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/swp introduction.asp

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP)
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Vehicle and Equipment Cleaning

SC-21

Photo Credit: Geoff Brosseau

Description

Wash water from vehicle and equipment cleaning activities
performed outdoors or in areas where wash water flows onto the
ground can contribute toxic hydrocarbons and other organic
compounds, oils and greases, nutrients, phosphates, heavy
metals, and suspended solids to stormwater runoff. Use of the
procedures outlined below can prevent or reduce the discharge of
pollutants to stormwater during vehicle and equipment cleaning.

Approach

Reduce potential for pollutant discharge through source control
pollution prevention and BMP implementation. Successful
implementation depends on effective training of employees on
applicable BMPs and general pollution prevention strategies and
objectives

Pollution Prevention

m If possible, use properly maintained off-site commercial
washing and steam cleaning businesses whenever possible.
These businesses are better equipped to handle and properly
dispose of the wash waters.

m  Good housekeeping practices can minimize the risk of
contamination from wash water discharges.

Objectives

m Cover

Contain

Educate

Reduce/Minimize
Product Substitution

Targeted Constituents

Sediment

Nutrients

Trash

Metals

Bacteria

Oil and Grease
Organics

Oxygen Demanding

NN RNEAX
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SC-21 Vehicle and Equipment Cleaning

Suggested Protocols
General

m  Use biodegradable, phosphate-free detergents for washing vehicles as appropriate.
m  Mark the area clearly as a wash area.

m  Post signs stating that only washing is allowed in wash area and that discharges to the storm
drain are prohibited.

m  Provide a trash container in wash area.
m  Map on-site storm drain locations to avoid discharges to the storm drain system.

m  Emphasize the connection between the storm drain system and runoff and help reinforce
that car washing activities can have an affect on local water quality. This can be
accomplished through storm drain stenciling programs.

Vehicle and Equipment Cleaning

m  Design wash areas to properly collect and dispose of wash water when engine cleaning is
conducted and when chemical additives, solvents, or degreasers are used. This may include
installation of sumps or drain lines to collect wash water or construction of a berm around
the designated area and grading of the area to collect wash water as well as prevent
stormwater run-on.

m  Consider washing vehicles and equipment inside the building if washing/cleaning must
occur on-site. This will help to control the targeted constituents by directing them to the
sanitary sewer.

m If washing must occur on-site and outdoor:

- Use designated paved wash areas. Designated wash areas must be well marked with
signs indicating where and how washing must be done. This area must be covered or
bermed to collect the wash water and graded to direct the wash water to a treatment or
disposal facility.

- Oil changes and other engine maintenance cannot be conducted in the designated
washing area. Perform these activities in a place designated for such activities.

- Cover the wash area when not in use to prevent contact with rain water.
m  Use hoses with nozzles that automatically turn off when left unattended.

m  Perform pressure cleaning and steam cleaning off-site to avoid generating runoff with high
pollutant concentrations. If done on-site, no pressure cleaning and steam cleaning should
be done in areas designated as wellhead protection areas for public water supply.

Disposal

m  Consider filtering and recycling wash water.
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Vehicle and Equipment Cleaning SC-21

m  Discharge equipment wash water to the sanitary sewer, a holding tank, or a process
treatment system, regardless of the washing method used.

m Discharge vehicle wash water to (1) the sanitary sewer, a holding tank, or process treatment
system or (2) an enclosed recycling system.

m  Discharge wash water to sanitary sewer only after contacting the local sewer authority to
find out if pretreatment is required.

Training
m  Train employees on proper cleaning and wash water disposal procedures and conduct
“refresher” courses on a regular basis.

m Train staff on proper maintenance measures for the wash area.

m Train employees and contractors on proper spill containment and cleanup. The employee
should have the tools and knowledge to immediately begin cleaning up a spill if one should
occur.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control and Cleanup.

m  Keep your Spill Prevention Control and Counter Measure (SPCC) Plan up-to-date, and
implement accordingly.

m  Have spill cleanup materials readily available and in a known location.
m  Clean up spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

Other Considerations (Limitations and Regulations)

m Some municipalities may require pretreatment and monitoring of wash water discharges to
the sanitary sewer.

m Steam cleaning can generate significant pollutant concentrations requiring that careful
consideration be given to the environmental impacts and compliance issues related to steam
cleaning.

m  Most car washing best management practices are inexpensive, and rely more on good
housekeeping practices (where vehicles are washed, planning for the collection of wash
water) than on expensive technology. However, the construction of a specialized area for
vehicle washing can be expensive for municipal facilities. Also, for facilities that cannot
recycle their wash water the cost of pre-treating wash water through either structural
practices or planning for collection and hauling of contaminated water to sewage treatment
plants can represent a cost limitation.

Requirements
Costs
m  Capital costs vary depending on measures implemented
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SC-21 Vehicle and Equipment Cleaning

- Low cost ($500-1,000) for berm construction,

- Medium cost ($5,000-20,000) for plumbing modifications (including re-routing
discharge to sanitary sewer and installing simple sump).

- High cost ($30,000-150,000) for on-site treatment and recycling.
m  O&M costs increase with increasing capital investment.

Maintenance
m  Berm repair and patching.

m  Sweep washing areas frequently to remove solid debris.
m Inspect and maintain sumps, oil/water separators, and on-site treatment/recycling units.

Supplemental Information
Design Considerations
Designated Cleaning Areas

m  Washing operations outside should be conducted in a designated wash area having the
following characteristics:

- Paved with Portland cement concrete,
- Covered and bermed to prevent contact with stormwater and contain wash water,
- Sloped for wash water collection,
- Equipped with an oil/water separator, if necessary.
Examples

The City of Palo Alto has an effective program for commercial vehicle service facilities. Many of
the program’s elements, including specific BMP guidance and lists of equipment suppliers, are
applicable to industrial vehicle service facilities.

The U.S. Postal Service in West Sacramento has a new vehicle wash system that collects filters,
and recycles the wash water.

References and Resources
http://www.stormwatercenter.net

King County - ftp://dnr.metrokc.gov/wlr/dss/spcm/Chapter%203.PDF

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/swp introduction.asp

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP)
http://www.projectcleanwater.org/pdf/Model%20Program%20Municipal %20Facilities.pdf
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Outdoor Loading/Unloading

SC-30

Objectives

m Cover

Contain

Educate

Reduce/Minimize

m Product Substitution
Description
The loading/unloading of materials usually takes place outside Targeted Constituents
on docks or terminals; therefore, materials spilled, leaked, or lost  Sediment [
during loading/unloading may collect in the soil or on other Nutrients ™
surfaces and have the potential to be carried away by stormwater 1.
runoff or when the area is cleaned. Additionally, rainfall may Metals v
wash pollutants from machinery used to unload or move ,
materials. Loading and unloading of material may include Bgctena
package products, barrels, and bulk products. Implementation Oil and Grease M
of the following protocols will prevent or reduce the discharge of ~ Organics M
pollutants to stormwater from outdoor loading/unloading of Oxygen Demanding M
materials.
Approach
Pollution Prevention
m  Keep accurate maintenance logs to evaluate materials

removed and improvements made.

m Park tank trucks or delivery vehicles in designated areas so

that spills or leaks can be contained.
m Limit exposure of materials with the potential to contaminate

stormwater.
m  Prevent stormwater runon.
m  Regularly check equipment for leaks.

CALIFORNIA STORMWATER
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SC-30 Outdoor Loading/Unloading

Suggested Protocols
Loading and Unloading — General Guidelines

m  Develop an operations plan that describes procedures for loading and/or unloading.
m Do not conduct loading and unloading during wet weather, whenever possible.
m  Cover designated loading/unloading areas to reduce exposure of materials to rain.

m A seal or door skirt between delivery vehicles and building can reduce or prevent exposure to
rain.

m  Design loading/unloading area to prevent stormwater runon which would include grading or
berming the area, and positioning roof downspouts so they direct stormwater away from the
loading/unloading areas.

m If feasible, load and unload all materials and equipment in covered areas such as building
overhangs at loading docks.

m  Load/unload only at designated loading areas.

m  Use drip pans underneath hose and pipe connections and other leak-prone spots during
liquid transfer operations, and when making and breaking connections. Several drip pans
should be stored in a covered location near the liquid transfer area so that they are always
available, yet protected from precipitation when not in use. Drip pans can be made
specifically for railroad tracks. Drip pans must be cleaned periodically, and drip collected
materials must be disposed of properly.

m  Pave loading areas with concrete instead of asphalt.
m  Avoid placing storm drains in the area.

m  Grade and/or berm he loading/ unloading area to a drain that is connected to a dead-end
sump.

Inspection

m  Check loading and unloading equipment regularly for leaks, including valves, pumps, flanges
and connections.

m  Look for dust or fumes during loading or unloading operations.

Training
m  Train employees (e.g. fork lift operators) and contractors on proper spill containment and
cleanup.

m  Employees trained in spill containment and cleanup should be present during the
loading/unloading.

m Train employees in proper handling techniques during liquid transfers to avoid spills.
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Outdoor Loading/UnIoading SC-30

m  Make sure forklift operators are properly trained on loading and unloading procedures.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup

m  Keep your spill prevention Control and countermeasure (SPCC) Plan up-to-date, and
implement accordingly.

m  Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

Other Considerations
m  Space, material characteristics and/or time limitations may preclude all transfers from being
performed indoors or under cover.

Requirements
Costs
m  Should be low except when covering a large loading/unloading area.

Maintenance
m  Conduct regular inspections and make repairs as necessary. The frequency of repairs will
depend on the age of the facility.

m  Check loading and unloading equipment regularly for leaks.
m  Regular broom dry-sweeping of area.

m  Conduct major clean-out of loading and unloading area and sump prior to October 1 of each
year.

Supplemental Information
Further Detail of the BMP
Special Circumstances for Indoor Loading/Unloading of Materials

As appropriate loading or unloading of liquids should occur indoors so that any spills that are
not completely retained can be discharged to the sanitary sewer, treatment plant, or treated in a
manner consistent with local sewer authorities and permit requirements.

m  For loading and unloading tank trucks to above and below ground storage tanks, the
following procedures should be used:

- The area where the transfer takes place should be paved. If the liquid is reactive with the
asphalt, Portland cement should be used to pave the area.

- Transfer area should be designed to prevent runon of stormwater from adjacent areas.
Sloping the pad and using a curb, like a speed bump, around the uphill side of the
transfer area should reduce run-on.
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SC-30 Outdoor Loading/Unloading

- Transfer area should be designed to prevent runoff of spilled liquids from the area.
Sloping the area to a drain should prevent runoff. The drain should be connected to a
dead-end sump or to the sanitary sewer (if allowed). A positive control valve should be
installed on the drain.

m  For transfer from rail cars to storage tanks that must occur outside, use the following
procedures:

- Drip pans should be placed at locations where spillage may occur, such as hose
connections, hose reels, and filler nozzles, Use drip pans when making and breaking
connections.

- Drip pan systems should be installed between the rails to collect spillage from tank cars.

References and Resources
http://www.stormwatercenter.net/

King County - ftp://dnr.metrokc.gov/wlr/dss/spcm/Chapter%203.PDF

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/swp_ introduction.asp

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP) -
http://www.projectcleanwater.org/pdf/Model%20Program%20oMunicipal%20Facilities.pdf
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Outdoor Container Storage SC-31

Objectives

m Cover

Contain

Educate

Reduce/Minimize

m Product Substitution
Description
Accidental releases of materials from above ground liquid Targeted Constituents
storage tanks, drums, and dumpsters present the potential for Sediment
contaminating stormwaters with many different pollutants. Nutrients |
Tanks may store many potential stormwater runoff pollutants, Trash
such as gasoline, aviation gas, diesel fuel, ammonia, solvents, Metals 7
syrups, etc. Materials spilled, leaked, or lost from storage tanks ,
may accumulate in soils or on other surfaces and be carried away Bgctena
by rainfall runoff. These source controls apply to containers Oil and Grease M
located outside of a building used to temporarily store liquid Organics M
materials and include installing safeguards against accidental Oxygen Demanding %}

releases, installing secondary containment, conducting regular
inspections, and training employees in standard operating
procedures and spill cleanup techniques.

Approach
Pollution Prevention

m  Educate employees about pollution prevention measures and
goals

m  Keep an accurate, up-to-date inventory of the materials
delivered and stored on-site. Re-evaluate inventory needs
and consider purchasing alternative products. Properly
dispose of outdated products.

m  Try to keep chemicals in their original containers, and keep

them well labeled.

CALIFORNIA STORMWATER
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SC-31 Outdoor Container Storag_e

Suggested Protocols
General

m  Develop an operations plan that describes procedures for loading and/or unloading. Refer
to SC-30 Outdoor Loading/Unloading for more detailed BMP information pertaining to
loading and unloading of liquids.

m  Protect materials from rainfall, runon, runoff, and wind dispersal:
- Cover the storage area with a roof.
- Minimize stormwater runon by enclosing the area or building a berm around it.
- Use a “doghouse” structure for storage of liquid containers.
- Use covered dumpsters for waste product containers.
m  Employ safeguards against accidental releases:

- Provide overflow protection devices to warn operator or automatic shut down transfer
pumps.

- Provide protection guards (bollards) around tanks and piping to prevent vehicle or
forklift damage, and

- Provide clear tagging or labeling, and restricting access to valves to reduce human error.

m  Berm or surround tank or container with secondary containment system using dikes, liners,
vaults, or double walled tanks.

m  Contact the appropriate regulatory agency regarding environmental compliance for facilities
with “spill ponds” designed to intercept, treat, and/or divert spills.

m  Have registered and specifically trained professional engineers can identify and correct
potential problems such as loose fittings, poor welding, and improper or poorly fitted
gaskets for newly installed tank systems.

Storage Areas

m  Provide storage tank piping located below product level with a shut-off valve at the tank;
ideally this valve should be an automatic shear valve with the shut-off located inside the
tank.

m  Provide barriers such as posts or guard rails, where tanks are exposed, to prevent collision
damage with vehicles.

m  Provide secure storage to prevent vandalism.
m  Place tight-fitting lids on all containers.

m  Enclose or cover the containers where they are stored.
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Outdoor Container Storage SC-31

Raise the containers off the ground by use of pallet or similar method, with provisions for
spill control and secondary containment.

Contain the material in such a manner that if the container leaks or spills, the contents will
not discharge, flow, or be washed into the storm drainage system, surface waters or
groundwater.

Place drip pans or absorbent materials beneath all mounted container taps, and at all
potential drip and spill locations during filling and unloading of containers. Drip pans must
be cleaned periodically, and all collected liquids and soiled absorbent materials must be
reused/recycled or properly disposed.

Ensure that any underground or aboveground storage tanks shall be designed and managed
in accordance with applicable regulations, be identified as a potential pollution source, have
secondary containment, such as a berm or dike with an impervious surface.

Rainfall collected in secondary containment system must not contain pollutants for
discharge to storm drain system.

Container Management

Keep containers in good condition without corrosion or leaky seams.

Place containers in a lean-to structure or otherwise covered to keep rainfall from reaching
the drums.

Replace containers if they are deteriorating to the point where leakage is occurring. Keep all
containers undercover to prevent the entry of stormwater. Employees should be made
aware of the importance of keeping the containers free from leaks.

Keep waste container drums in an area such as a service bay. Drums stored outside must be
stored in a lean-to type structure, shed or walk-in container.

Storage of Hazardous Materials

Storage of reactive, ignitable, or flammable liquids must comply with the fire and hazardous
waste codes.

Place containers in a designated area that is paved, free of cracks and gaps, and impervious
in order to contain leaks and spills. The area should also be covered.

Surround stored hazardous materials and waste with a curb or dike to provide the volume to
contain 10 percent of the volume of all of the containers or 110 percent of the volume of the
largest container, whichever is greater. The area inside the curb should slope to a drain and
a dead-end sump should be installed in the drain.

Inspection

Provide regular inspections:

- Inspect storage areas regularly for leaks or spills.
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- Conduct routine inspections and check for external corrosion of material containers.
Also check for structural failure, spills and overfills due to operator error, failure of
piping system.

- Check for leaks or spills during pumping of liquids or gases from truck or rail car to a
storage facility or vice versa.

- Visually inspect new tank or container installations for loose fittings, poor welding, and
improper or poorly fitted gaskets.

- Inspect tank foundations, connections, coatings, and tank walls and piping system. Look
for corrosion, leaks, cracks, scratches, and other physical damage that may weaken the
tank or container system.

- Replace containers that are leaking, corroded, or otherwise deteriorating with ones in
good condition. If the liquid chemicals are corrosive, containers made of compatible
materials must be used instead of metal drums.

- Label new or secondary containers with the product name and hazards.

Training

m  Train employees (e.g. fork lift operators) and contractors in proper spill containment and
cleanup. The employee should have the tools and knowledge to immediately begin cleaning
up a spill if one should occur.

m  Train employees in proper storage measures.
m  Use a training log or similar method to document training.

Spill Response and Prevention

m  Keep your Spill Prevention Control and Countermeasure (SPCC) Plan up-to-date, and
implement accordingly.

m  Have an emergency plan, equipment and trained personnel ready at all times to deal
immediately with major spills.

m  Collect all spilled liquids and properly dispose of them.

m  Employees trained in emergency spill cleanup procedures should be present when
dangerous waste, liquid chemicals, or other wastes are delivered.

m  Operator errors can be prevented by using engineering safe guards and thus reducing
accidental releases of pollutant.

m  Store and maintain appropriate spill cleanup materials in a location known to all near the
tank storage area.

m  See Aboveground Tank Leak and Spill Control section of the Spill Prevention, Control &
Cleanup fact sheet (SC-11) for additional information.
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Other Considerations
m  Storage sheds often must meet building and fire code requirements.

m The local fire district must be consulted for limitations on clearance of roof covers over
containers used to store flammable materials.

m  All specific standards set by federal and state laws concerning the storage of oil and
hazardous materials must be met.

m  Storage of reactive, ignitable, or flammable liquids should comply with the Uniform Fire
Code and the National Electric Code.

m  Storage of oil and hazardous materials must meet specific federal and state standards
including:

- Spill Prevention Control and Countermeasure Plan (SPCC) Plan
- Secondary containment

- Integrity and leak detection monitoring

- Emergency preparedness plans

Requirements
Costs

m  Will vary depending on the size of the facility and the necessary controls, such as berms or
safeguards against accidental controls.

Maintenance
m  Conduct weekly inspection.

m  Sweep and clean the storage area regularly if it is paved, do not hose down the area to a
storm drain.

Supplemental Information
m  The most common causes of unintentional releases are:

- Installation problems,

- Failure of piping systems (pipes, pumps, flanges, couplings, hoses, and valves),
- External corrosion and structural failure,

- Spills and overfills due to operator error, and

- Leaks during pumping of liquids or gases from truck or rail car to a storage tank or vice
versa
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Further Detail of the BMP
Dikes

One of the best protective measures against contamination of stormwater is diking.
Containment dikes are berms or retaining walls that are designed to hold spills. Diking is an
effective pollution prevention measure for above ground storage tanks and railcar or tank truck
loading and unloading areas. The dike surrounds the area of concern and holds the spill,
keeping spill materials separated from the stormwater side of the dike area. Diking can be used
in any industrial or municipal facility, but it is most commonly used for controlling large spills
or releases from liquid storage areas and liquid transfer areas.

m  For single-wall tanks, containment dikes should be large enough to hold the contents of the
storage tank for the facility plus rain water.

m  For trucks, diked areas should be capable of holding an amount equal to the volume of the
tank truck compartment. Diked construction material should be strong enough to safely
hold spilled materials.

m Dike materials can consist of earth, concrete, synthetic materials, metal, or other impervious
materials.

m  Strong acids or bases may react with metal containers, concrete, and some plastics.

m  Where strong acids or bases or stored, alternative dike materials should be considered. More
active organic chemicals may need certain special liners for dikes.

m  Dikes may also be designed with impermeable materials to increase containment
capabilities.

m  Dikes should be inspected during or after significant storms or spills to check for washouts
or overflows.

m  Regular checks of containment dikes to insure the dikes are capable of holding spills should
be conducted.

m Inability of a structure to retain stormwater, dike erosion, soggy areas, or changes in
vegetation indicate problems with dike structures. Damaged areas should be patched and
stabilized immediately.

m  Accumulated stormwater in the containment are should be analyzed for pollutants before it
is released to surface waters. If pollutants are found or if stormwater quality is not
determined, then methods other than discharging to surface waters should be employed
(e.g., discharge to sanitary sewer if allowed).

m Earthen dikes may require special maintenance of vegetation such as mulching and
irrigation.
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Curbing

Curbing is a barrier that surrounds an area of concern. Curbing is similar to containment diking
in the way that it prevents spills and leaks from being released into the environment. The
curbing is usually small scaled and does not contain large spills like diking. Curbing is common
at many facilities in small areas where handling and transfer liquid materials occur. Curbing can
redirect stormwater away from the storage area. It is useful in areas where liquid materials are
transferred from one container to another. Asphalt is a common material used for curbing;
however, curbing materials include earth, concrete, synthetic materials, metal, or other
impenetrable materials.

m  Spilled materials should be removed immediately from curbed areas to allow space for
future spills.

m  Curbs should have manually-controlled pump systems rather than common drainage
systems for collection of spilled materials.

m  The curbed area should be inspected regularly to clear clogging debris.

m  Maintenance should also be conducted frequently to prevent overflow of any spilled
materials as curbed areas are designed only for smaller spills.

m  Curbing has the following advantages:
- Excellent runon control,
- Inexpensive,
- Ease of installment,
- Provides option to recycle materials spilled in curb areas, and
- Common industry practice.
Examples

The “doghouse” design has been used to store small liquid containers. The roof and flooring
design prevent contact with direct rain or runoff. The doghouse has two solid structural walls
and two canvas covered walls. The flooring is wire mesh about secondary containment. The
unit has been used successfully at Lockheed Missile and Space Company in Sunnyvale.

References and Resources

British Columbia Lake Stewardship Society. Best Management Practices to Protect Water
Quality from Non-Point Source Pollution. March 2000
http://www.nalms.org/bclss/storage.html

King County Stormwater Pollution Control Manual —
http://dnr.metroke.gov/wlr/dss/spcm.htm

January 2003 California Stormwater BMP Handbook 7 of 8

Municipal
www.cabmphandbooks.com



SC-31 Outdoor Container Storag_e

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program

(URMP) -
http://www.projectcleanwater.org/pdf/Model%20Program%20Municipal %20Facilities.pdf
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Description

Outside process equipment operations and maintenance can
contaminate stormwater runoff. Activities, such as grinding,
painting, coating, sanding, degreasing or parts cleaning, landfills
and waste piles, solid waste treatment and disposal, are examples
of process operations that can lead to contamination of
stormwater runoff. Source controls for outdoor process equip-
ment operations and maintenance include reducing the amount
of waste created, enclosing or covering all or some of the
equipment, installing secondary containment, and training
employees.

Approach
Pollution Prevention
m  Perform the activity during dry periods.

m  Use non-toxic chemicals for maintenance and minimize or
eliminate the use of solvents.

Suggested Protocols
m  Consider enclosing the activity in a building and connecting
the floor drains to the sanitary sewer.

m  Cover the work area with a permanent roof.

m  Minimize contact of stormwater with outside process
equipment operations through berming and drainage routing
(runon prevention). If allowed, connect process equipment
area to public sewer.

m  Dry clean the work area regularly.

Training
m Train employees to perform the activity during dry periods
only and to use less or non-toxic materials.

m  Train employee and contractors in proper techniques for spill
containment and cleanup. The employee should have the
tools and knowledge to immediately begin cleaning up a spill
if one should occur.

Objectives

m Cover

Contain

Educate

Reduce/Minimize
Product Substitution

Targeted Constituents

Sediment

Nutrients

Trash

Metals

Bacteria

Oil and Grease
Organics

Oxygen Demanding

N R [
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Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup

m  Keep your spill prevention control and countermeasure (SPCC) plan up-date, and
implement accordingly.

m  Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

Other Considerations
m  Space limitations may preclude enclosing some equipment.

m  Storage sheds often must meet building and fire code requirements.

Requirements
Costs

m  Costs vary depending on the complexity of the operation and the amount of control
necessary for stormwater pollution control.

m  Providing cover may be expensive.

Maintenance
m  Conduct routine preventive maintenance, including checking process equipment for leaks.

m  Clean the storm drain system regularly.

Supplemental Information
Further Detail of the BMP
Hydraulic/Treatment Modifications

In some cases it may be necessary to capture and treat polluted stormwater. If the municipality
does not have its own process wastewater treatment system, consider discharging to the public
sewer system. Use of the public sewer might be allowed under the following conditions:

m If the activity area is very small (less than a few hundred square feet), the local sewer
authority may be willing to allow the area to remain uncovered with the drain connected to
the public sewer.

m It may be possible under unusual circumstances to connect a much larger area to the public
sewer, as long as the rate of stormwater discharges does not exceed the capacity of the
wastewater treatment plant. The stormwater could be stored during the storm and then
transferred to the public sewer when the normal flow is low, such as at night.

References and Resources
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html
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Clark County Stormwater Pollution Control Manual

http://www.co.clark.wa.us/pubworks/bmpman.pdf

King County Stormwater Pollution Control Manual http://dnr.metroke.gov/wlr/dss/spcm.htm

Santa Clara Valley Urban Runoff Pollution Prevention Program http://www.scvurppp.org

The Stormwater Managers Resource Center http://www.stormwatercenter.net/
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Waste Handling & Disposal SC-34

Objectives

m Cover

Contain

Educate
Reduce/Minimize

Product Substitution

Description

Improper storage and handling of solid wastes can allow toxic Targeted Constituents

compounds, oils and greases, heavy metals, nutrients, suspended  Sediment
solids, and other pollutants to enter stormwater runoff. The Nutrients
discharge of pollutants to stormwater from waste handling and Trash
disposal can be prevented and reduced by tracking waste
generation, storage, and disposal; reducing waste generation and
disposal through source reduction, re-use, and recycling; and
preventing runon and runoff.

Metals

Bacteria

Oil and Grease
Organics
Approach Oxygen Demanding
Pollution Prevention

m  Reduction in the amount of waste generated can be
accomplished using the following source controls such as:

NERRNNERAA

- Production planning and sequencing

- Process or equipment modification

- Raw material substitution or elimination
- Loss prevention and housekeeping

- Waste segregation and separation

- Close loop recycling

m  Establish a material tracking system to increase awareness
about material usage. This may reduce spills and minimize
contamination, thus reducing the amount of waste produced.

m  Recycle materials whenever possible.

CALIFORNIA STORMWATER
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SC-34 Waste Handling & Disposal

Suggested Protocols
General

m  Cover storage containers with leak proof lids or some other means. If waste is not in
containers, cover all waste piles (plastic tarps are acceptable coverage) and prevent
stormwater runon and runoff with a berm. The waste containers or piles must be covered
except when in use.

m  Use drip pans or absorbent materials whenever grease containers are emptied by vacuum
trucks or other means. Grease cannot be left on the ground. Collected grease must be
properly disposed of as garbage.

m  Check storage containers weekly for leaks and to ensure that lids are on tightly. Replace any
that are leaking, corroded, or otherwise deteriorating.

m  Sweep and clean the storage area regularly. If it is paved, do not hose down the area to a
storm drain.

m Dispose of rinse and wash water from cleaning waste containers into a sanitary sewer if
allowed by the local sewer authority. Do not discharge wash water to the street or storm
drain.

m  Transfer waste from damaged containers into safe containers.

m Take special care when loading or unloading wastes to minimize losses. Loading systems
can be used to minimize spills and fugitive emission losses such as dust or mist. Vacuum
transfer systems can minimize waste loss.

Controlling Litter

m  Post “No Littering” signs and enforce anti-litter laws.

m Provide a sufficient number of litter receptacles for the facility.

m Clean out and cover litter receptacles frequently to prevent spillage.
Waste Collection

m  Keep waste collection areas clean.

m Inspect solid waste containers for structural damage or leaks regularly. Repair or replace
damaged containers as necessary.

m  Secure solid waste containers; containers must be closed tightly when not in use.
m  Place waste containers under cover if possible.
m Do not fill waste containers with washout water or any other liquid.

m  Ensure that only appropriate solid wastes are added to the solid waste container. Certain
wastes such as hazardous wastes, appliances, fluorescent lamps, pesticides, etc. may not be
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Waste Handling & Disposal SC-34

disposed of in solid waste containers (see chemical/ hazardous waste collection section
below).

Do not mix wastes; this can cause chemical reactions, make recycling impossible, and
complicate disposal.

Good Housekeeping

Use all of the product before disposing of the container.

Keep the waste management area clean at all times by sweeping and cleaning up spills
immediately.

Use dry methods when possible (e.g. sweeping, use of absorbents) when cleaning around
restaurant/food handling dumpster areas. If water must be used after sweeping/using
absorbents, collect water and discharge through grease interceptor to the sewer.

Stencil storm drains on the facility’s property with prohibitive message regarding waste
disposal.

Chemical/Hazardous Wastes

Select designated hazardous waste collection areas on-site.

Store hazardous materials and wastes in covered containers protected from vandalism, and
in compliance with fire and hazardous waste codes.

Place hazardous waste containers in secondary containment.

Make sure that hazardous waste is collected, removed, and disposed of only at authorized
disposal areas.

Runon/Runoff Prevention

Prevent stormwater runon from entering the waste management area by enclosing the area
or building a berm around the area.

m  Prevent the waste materials from directly contacting rain.

m  Cover waste piles with temporary covering material such as reinforced tarpaulin,
polyethylene, polyurethane, polypropyleneor hypalon.

m  Cover the area with a permanent roof if feasible.

m  Cover dumpsters to prevent rain from washing waste out of holes or cracks in the bottom of
the dumpster.

m  Move the activity indoor after ensuring all safety concerns such as fire hazard and
ventilation are addressed.

Inspection
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m Inspect and replace faulty pumps or hoses regularly to minimize the potential of releases and
spills.

m  Check waste management areas for leaking containers or spills.
m  Repair leaking equipment including valves, lines, seals, or pumps promptly.

Training
m  Train staff pollution prevention measures and proper disposal methods.

m  Train employees and contractors proper spill containment and cleanup. The employee
should have the tools and knowledge to immediately begin cleaning up a spill if one should
occur.

m  Train employees and subcontractors in proper hazardous waste management.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup.

m  Keep your Spill Prevention Control and countermeasure (SPCC) plan up-to-date, and
implement accordingly.

m  Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

m  Vehicles transporting waste should have spill prevention equipment that can prevent spills
during transport. The spill prevention equipment includes:

- Vehicles equipped with baffles for liquid waste
- Trucks with sealed gates and spill guards for solid waste

Other Considerations

m  Hazardous waste cannot be re-used or recycled; it must be disposed of by a licensed
hazardous waste hauler.

Requirements
Costs

m Capital and operation and maintenance costs will vary substantially depending on the size of
the facility and the types of waste handled. Costs should be low if there is an inventory
program in place.

Maintenance
m  None except for maintaining equipment for material tracking program.
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Supplemental Information
Further Detail of the BMP
Land Treatment System

m  Minimize the runoff of polluted stormwater from land application of municipal waste on-site
by:

- Choosing a site where slopes are under 6%, the soil is permeable, there is a low water
table, it is located away from wetlands or marshes, there is a closed drainage system.

- Avoiding application of waste to the site when it is raining or when the ground is
saturated with water.

- Growing vegetation on land disposal areas to stabilize soils and reduce the volume of
surface water runoff from the site.

- Maintaining adequate barriers between the land application site and the receiving
waters. Planted strips are particularly good.

- Using erosion control techniques such as mulching and matting, filter fences, straw
bales, diversion terracing, and sediment basins.

- Performing routine maintenance to ensure the erosion control or site stabilization
measures are working.

References and Resources

King County Stormwater Pollution Control Manual - http://dnr.metrokc.gov/wlr/dss/spcm.htm

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/swp_ introduction.asp

Pollution from Surface Cleaning Folder. 1996. Bay Area Stormwater Management Agencies

Associations (BASMAA). On-line; http://www.basmaa.org
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Objectives

m Cover

Contain

Educate

Reduce/Minimize

Product Substitution

i B

LAKE GENTER
‘BUSINESS PARK

Targeted Constituents

Description

Stormwater runoff from building and grounds maintenance
activities can be contaminated with toxic hydrocarbons in
solvents, fertilizers and pesticides, suspended solids, heavy
metals, and abnormal pH. Utilizing the following protocols will
prevent or reduce the discharge of pollutants to stormwater from
building and grounds maintenance activities by washing and Oil and Grease
cleaning up with as little water as possible, following good Organics
landscape management practices, preventing and cleaning up Oxygen Demanding
spills immediately, keeping debris from entering the storm

drains, and maintaining the stormwater collection system.

Sediment
Nutrients
Trash
Metals
Bacteria

NERRNNERAA

Approach
Pollution Prevention

m Switch to non-toxic chemicals for maintenance when
possible.

m  Choose cleaning agents that can be recycled.

m  Encourage proper lawn management and landscaping,
including use of native vegetation.

m  Encourage use of Integrated Pest Management techniques for
pest control.

m  Encourage proper onsite recycling of yard trimmings.

m  Recycle residual paints, solvents, lumber, and other material
as much as possible.

CALIFORNIA STORMWATER
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SC-41 Building & Grounds Maintenance

Suggested Protocols
Pressure Washing of Buildings, Rooftops, and Other Large Objects

In situations where soaps or detergents are used and the surrounding area is paved, pressure
washers must use a waste water collection device that enables collection of wash water and
associated solids. A sump pump, wet vacuum or similarly effective device must be used to
collect the runoff and loose materials. The collected runoff and solids must be disposed of

properly.

If soaps or detergents are not used, and the surrounding area is paved, wash water runoff
does not have to be collected but must be screened. Pressure washers must use filter fabric
or some other type of screen on the ground and/or in he catch basin to trap the particles in
wash water runoff.

If you are pressure washing on a grassed area (with or without soap), runoff must be
dispersed as sheet flow as much as possible, rather than as a concentrated stream. The wash
runoff must remain on the grass and not drain to pavement. Ensure that this practice does
not kill grass.

Landscaping Activities

Do not apply any chemicals (insecticide, herbicide, or fertilizer) directly to surface waters,
unless the application is approved and permitted by the state.

Dispose of grass clippings, leaves, sticks, or other collected vegetation as garbage, or by
composting. Do not dispose of collected vegetation into waterways or storm drainage
systems.

Use mulch or other erosion control measures on exposed soils.

Check irrigation schedules so pesticides will not be washed away and to minimize non-
stormwater discharge.

Building Repair, Remodeling, and Construction

Do not dump any toxic substance or liquid waste on the pavement, the ground, or toward a
storm drain.

Use ground or drop cloths underneath outdoor painting, scraping, and sandblasting work,
and properly dispose of collected material daily.

Use a ground cloth or oversized tub for activities such as paint mixing and tool cleaning.

Clean paint brushes and tools covered with water-based paints in sinks connected to
sanitary sewers or in portable containers that can be dumped into a sanitary sewer drain.
Brushes and tools covered with non-water-based paints, finishes, or other materials must be
cleaned in a manner that enables collection of used solvents (e.g., paint thinner, turpentine,
etc.) for recycling or proper disposal.
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Use a storm drain cover, filter fabric, or similarly effective runoff control mechanism if dust,
grit, wash water, or other pollutants may escape the work area and enter a catch basin. The
containment device(s) must be in place at the beginning of the work day, and accumulated
dirty runoff and solids must be collected and disposed of before removing the containment
device(s) at the end of the work day.

If you need to de-water an excavation site, you may need to filter the water before
discharging to a catch basin or off-site. In which case you should direct the water through
hay bales and filter fabric or use other sediment filters or traps.

Store toxic material under cover with secondary containment during precipitation events
and when not in use. A cover would include tarps or other temporary cover material.

Mowing, Trimming, and Planting

Dispose of leaves, sticks, or other collected vegetation as garbage, by composting or at a
permitted landfill. Do not dispose of collected vegetation into waterways or storm drainage
systems.

Use mulch or other erosion control measures when soils are exposed.

Place temporarily stockpiled material away from watercourses and drain inlets, and berm or
cover stockpiles to prevent material releases to the storm drain system.

Consider an alternative approach when bailing out muddy water; do not put it in the storm
drain, pour over landscaped areas.

Use hand or mechanical weeding where practical.

Fertilizer and Pesticide Management

Follow all federal, state, and local laws and regulations governing the use, storage, and
disposal of fertilizers and pesticides and training of applicators and pest control advisors.

Follow manufacturers’ recommendations and label directions. Pesticides must never be
applied if precipitation is occuring or predicted. Do not apply insecticides within 100 feet of
surface waters such as lakes, ponds, wetlands, and streams.

Use less toxic pesticides that will do the job, whenever possible. Avoid use of copper-based
pesticides if possible.

m Do not use pesticides if rain is expected.

m Do not mix or prepare pesticides for application near storm drains.

m  Use the minimum amount needed for the job.

m Calibrate fertilizer distributors to avoid excessive application.

= Employ techniques to minimize off-target application (e.g. spray drift) of pesticides,
including consideration of alternative application techniques.
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m  Apply pesticides only when wind speeds are low.
m  Work fertilizers into the soil rather than dumping or broadcasting them onto the surface.
m Irrigate slowly to prevent runoff and then only as much as is needed.

m  (Clean pavement and sidewalk if fertilizer is spilled on these surfaces before applying
irrigation water.

m  Dispose of empty pesticide containers according to the instructions on the container label.

m  Use up the pesticides. Rinse containers, and use rinse water as product. Dispose of unused
pesticide as hazardous waste.

m  Implement storage requirements for pesticide products with guidance from the local fire
department and County Agricultural Commissioner. Provide secondary containment for
pesticides.

Inspection

m Inspect irrigation system periodically to ensure that the right amount of water is being
applied and that excessive runoff is not occurring. Minimize excess watering, and repair
leaks in the irrigation system as soon as they are observed.

Training
m  Educate and train employees on use of pesticides and in pesticide application techniques to
prevent pollution.

m  Train employees and contractors in proper techniques for spill containment and cleanup.

m  Be sure the frequency of training takes into account the complexity of the operations and the
nature of the staff.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup

m  Keep your Spill Prevention Control and countermeasure (SPCC) plan up-to-date, and
implement accordingly.

m  Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

Other Considerations
m  Alternative pest/weed controls may not be available, suitable, or effective in many cases.
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Building & Grounds Maintenance SC-41

Requirements
Costs
m  Overall costs should be low in comparison to other BMPs.

Maintenance
m  Sweep paved areas regularly to collect loose particles, and wipe up spills with rags and other
absorbent material immediately, do not hose down the area to a storm drain.

Supplemental Information
Further Detail of the BMP
Fire Sprinkler Line Flushing

Building fire sprinkler line flushing may be a source of non-stormwater runoff pollution. The
water entering the system is usually potable water though in some areas it may be non-potable
reclaimed wastewater. There are subsequent factors that may drastically reduce the quality of
the water in such systems. Black iron pipe is usually used since it is cheaper than potable piping
but it is subject to rusting and results in lower quality water. Initially the black iron pipe has an
oil coating to protect it from rusting between manufacture and installation; this will
contaminate the water from the first flush but not from subsequent flushes. Nitrates, poly-
phosphates and other corrosion inhibitors, as well as fire suppressants and antifreeze may be
added to the sprinkler water system. Water generally remains in the sprinkler system a long
time, typically a year, between flushes and may accumulate iron, manganese, lead, copper,
nickel and zinc. The water generally becomes anoxic and contains living and dead bacteria and
breakdown products from chlorination. This may result in a significant BOD problem and the
water often smells. Consequently dispose fire sprinkler line flush water into the sanitary sewer.
Do not allow discharge to storm drain or infiltration due to potential high levels of pollutants in
fire sprinkler line water.

References and Resources
California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

King County - ftp://dnr.metrokc.gov/wlr/dss/spcm/Chapter%203.PDF

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/swp_ introduction.asp

Mobile Cleaners Pilot Program: Final Report. 1997. Bay Area Stormwater Management

Agencies Association (BASSMA) http://www.basmaa.org/

Pollution from Surface Cleaning Folder. 1996. Bay Area Stormwater Management Agencies

Association (BASMAA) http://www.basmaa.org/

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP) -
http://www.projectcleanwater.org/pdf/Model%20Program%20Municipal %20Facilities.pdf
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Parking/Storage Area Maintenance SC-43

Objectives

m Cover

Contain

Educate

Reduce/Minimize
Product Substitution

Targeted Constituents

Description

Parking lots and storage areas can contribute a number of
substances, such as trash, suspended solids, hydrocarbons, oil
and grease, and heavy metals that can enter receiving waters
through stormwater runoff or non-stormwater discharges. The
following protocols are intended to prevent or reduce the
discharge of pollutants from parking/storage areas and include Oil and Grease
using good housekeeping practices, following appropriate Organics
cleaning BMPs, and training employees. Oxygen Demanding

Sediment
Nutrients
Trash
Metals
Bacteria

NERRNNERAA

Approach
Pollution Prevention

m  Encourage alternative designs and maintenance strategies for
impervious parking lots. (See New Development and
Redevelopment BMP Handbook).

m  Keep accurate maintenance logs to evaluate BMP
implementation.

Suggested Protocols
General

m  Keep the parking and storage areas clean and orderly.
Remove debris in a timely fashion.

m  Allow sheet runoff to flow into biofilters (vegetated strip and
swale) and/or infiltration devices.

m  Utilize sand filters or oleophilic collectors for oily waste in low
concentrations.

CALIFORNIA STORMWATER
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SC-43 Parking/Storage Area Maintenance

m  Arrange rooftop drains to prevent drainage directly onto paved surfaces.
m  Design lot to include semi-permeable hardscape.

Controlling Litter

m  Post “No Littering” signs and enforce anti-litter laws.

m  Provide an adequate number of litter receptacles.

m  Clean out and cover litter receptacles frequently to prevent spillage.

m  Provide trash receptacles in parking lots to discourage litter.

m  Routinely sweep, shovel and dispose of litter in the trash.

Surface cleaning

m  Use dry cleaning methods (e.g. sweeping or vacuuming) to prevent the discharge of
pollutants into the stormwater conveyance system.

m  Establish frequency of public parking lot sweeping based on usage and field observations of
waste accumulation.

m  Sweep all parking lots at least once before the onset of the wet season.
m If water is used follow the procedures below:
- Block the storm drain or contain runoff.

- Wash water should be collected and pumped to the sanitary sewer or discharged to a
pervious surface, do not allow wash water to enter storm drains.

- Dispose of parking lot sweeping debris and dirt at a landfill.
m  When cleaning heavy oily deposits:
- Use absorbent materials on oily spots prior to sweeping or washing.
- Dispose of used absorbents appropriately.
Surface Repair
m  Pre-heat, transfer or load hot bituminous material away from storm drain inlets.

m  Apply concrete, asphalt, and seal coat during dry weather to prevent contamination form
contacting stormwater runoff.

m  Cover and seal nearby storm drain inlets (with waterproof material or mesh) and manholes
before applying seal coat, slurry seal, etc., where applicable. Leave covers in place until job
is complete and until all water from emulsified oil sealants has drained or evaporated. Clean
any debris from these covered manholes and drains for proper disposal.
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Parking/Storage Area Maintenance SC-43

m  Use only as much water as necessary for dust control, to avoid runoff.

m  Catch drips from paving equipment that is not in use with pans or absorbent material placed
under the machines. Dispose of collected material and absorbents properly.

Inspection

m  Have designated personnel conduct inspections of the parking facilities and stormwater
conveyance systems associated with them on a regular basis.

m Inspect cleaning equipment/sweepers for leaks on a regular basis.

Training
m  Provide regular training to field employees and/or contractors regarding cleaning of paved
areas and proper operation of equipment.

m Train employees and contractors in proper techniques for spill containment and cleanup.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup.

m  Keep your Spill Prevention Control and countermeasure (SPCC) plan up-to-date, nad
implement accordingly.

m  Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

Other Considerations

m Limitations related to sweeping activities at large parking facilities may include high
equipment costs, the need for sweeper operator training, and the inability of current sweeper
technology to remove oil and grease.

Requirements
Costs

Cleaning/sweeping costs can be quite large, construction and maintenance of stormwater
structural controls can be quite expensive as well.

Maintenance
m  Sweep parking lot to minimize cleaning with water.

m  Clean out oil/water/sand separators regularly, especially after heavy storms.

m  Clean parking facilities on a regular basis to prevent accumulated wastes and pollutants
from being discharged into conveyance systems during rainy conditions.
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SC-43 Parking/Storage Area Maintenance

Supplemental Information
Further Detail of the BMP
Surface Repair

Apply concrete, asphalt, and seal coat during dry weather to prevent contamination form
contacting stormwater runoff. Where applicable, cover and seal nearby storm drain inlets (with
waterproof material or mesh) and manholes before applying seal coat, slurry seal, etc. Leave
covers in place until job is complete and until all water from emulsified oil sealants has drained
or evaporated. Clean any debris from these covered manholes and drains for proper disposal.
Use only as much water as necessary for dust control, to avoid runoff.

References and Resources
http://www.stormwatercenter.net/

California’s Nonpoint Source Program Plan http://www.swrcb.ca.gov/nps/index.html

Model Urban Runoff Program: A How-To Guide for Developing Urban Runoff Programs for
Small Municipalities. Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Association of Monterey Bay Area
Governments, Woodward-Clyde, Central Coast Regional Water Quality control Board. July
1998 (Revised February 2002 by the California Coastal Commission).

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/swp_ introduction.asp

Oregon Association of Clean Water Agencies. Oregon Municipal Stormwater Toolbox for
Maintenance Practices. June 1998.

Pollution from Surface Cleaning Folder. 1996. Bay Area Stormwater Management Agencies
Association (BASMAA) http://www.basma.org

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP)
http://www.projectcleanwater.org/pdf/Model%20Program%20Municipal %20Facilities.pdf
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Housekeeping Practices SC-60

. . Objectives
Description
Promote efficient and safe housekeeping practices (storage, use, ™ Cover
and cleanup) when handling potentially harmful materials such m Contain
as fertilizers, pesticides, cleaning solutions, paint products, = Educate

automotive products, and swimming pool chemicals. Related
information is provided in BMP fact sheets SC-11 Spill
Prevention, Control & Cleanup and SC-34 Waste Handling &
Disposal.

Reduce/Minimize

Product Substitution

Approach
Pollution Prevention

m  Purchase only the amount of material that will be needed for
foreseeable use. In most cases this will result in cost savings
in both purchasing and disposal. See SC-61 Safer Alternative
Products for additional information.

m  Be aware of new products that may do the same job with less

environmental risk and for less or the equivalent cost. Total Targeted Constituents

cost must be used here; this includes purchase price, Sediment o

transportation costs, storage costs, use related costs, clean up Nutrients ¥
costs and disposal costs.

P Trash 4|

Suggested Protocols Metals ]

General Bacteria 4|

Oil and Grease 4|

m  Keep work sites clean and orderly. Remove debris in a timely  Organics ™

fashion. Sweep the area. Oxygen Demanding o

m  Dispose of wash water, sweepings, and sediments, properly.
m  Recycle or dispose of fluids properly.

m Establish a daily checklist of office, yard and plant areas to
confirm cleanliness and adherence to proper storage and
security. Specific employees should be assigned specific
inspection responsibilities and given the authority to remedy
any problems found.

m  Post waste disposal charts in appropriate locations detailing
for each waste its hazardous nature (poison, corrosive,
flammable), prohibitions on its disposal (dumpster, drain,
sewer) and the recommended disposal method (recycle,
sewer, burn, storage, landfill).

m  Summarize the chosen BMPs applicable to your operation and
post them in appropriate conspicuous places.

CALIFORNIA STORMWATER
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SC-60 Housekeeping Practices

m  Require a signed checklist from every user of any hazardous material detailing amount
taken, amount used, amount returned and disposal of spent material.

m Do a before audit of your site to establish baseline conditions and regular subsequent audits
to note any changes and whether conditions are improving or deteriorating.

m  Keep records of water, air and solid waste quantities and quality tests and their disposition.

m  Maintain a mass balance of incoming, outgoing and on hand materials so you know when
there are unknown losses that need to be tracked down and accounted for.

m  Use and reward employee suggestions related to BMPs, hazards, pollution reduction, work
place safety, cost reduction, alternative materials and procedures, recycling and disposal.

m  Have, and review regularly, a contingency plan for spills, leaks, weather extremes etc. Make
sure all employees know about it and what their role is so that it comes into force
automatically.

Training
m Train all employees, management, office, yard, manufacturing, field and clerical in BMPs
and pollution prevention and make them accountable.

m  Train municipal employees who handle potentially harmful materials in good housekeeping
practices.

m Train personnel who use pesticides in the proper use of the pesticides. The California
Department of Pesticide Regulation license pesticide dealers, certify pesticide applicators
and conduct onsite inspections.

m Train employees and contractors in proper techniques for spill containment and cleanup.
The employee should have the tools and knowledge to immediately begin cleaning up a spill
if one should occur.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup.

m  Keep your Spill Prevention Control and Countermeasure (SPCC) plant up-to-date, and
implement accordingly.

m  Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

Other Considerations
m  There are no major limitations to this best management practice.

m  There are no regulatory requirements to this BMP. Existing regulations already require
municipalities to properly store, use, and dispose of hazardous materials
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Housekeeping Practices SC-60

Requirements
Costs

m  Minimal cost associated with this BMP. Implementation of good housekeeping practices
may result in cost savings as these procedures may reduce the need for more costly BMPs.

Maintenance

m  Ongoing maintenance required to keep a clean site. Level of effort is a function of site size
and type of activities.

Supplemental Information
Further Detail of the BMP

m  The California Integrated Waste Management Board’s Recycling Hotline, 1-800-553-2962,
provides information on household hazardous waste collection programs and facilities.

Examples

There are a number of communities with effective programs. The most pro-active include Santa
Clara County and the City of Palo Alto, the City and County of San Francisco, and the
Municipality of Metropolitan Seattle (Metro).

References and Resources

British Columbia Lake Stewardship Society. Best Management Practices to Protect Water
Quality from Non-Point Source Pollution. March 2000.
http://www.nalms.org/bclss/bmphome.html#bm

King County Stormwater Pollution Control Manual - http://dnr.metrokc.gov/wlr/dss/spcm.htm

Model Urban Runoff Program: A How-To Guide for Developing Urban Runoff Programs for
Small Municipalities, Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Association of Monterey Bay Area
Governments, Woodward-Clyde, Central Coast Regional Water Quality Control Board. July,
1998, Revised by California Coastal Commission, February 2002.

Orange County Stormwater Program
http://www.ocwatersheds.com/stormwater/swp_introduction.asp

San Mateo STOPPP - (http://stoppp.tripod.com/bmp.html)
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Road and Street Maintenance SC-70

Objectives

m Cover

Contain

Educate

Reduce/Minimize
Product Substitution

Targeted Constituents

Sediment %}

Description Nutrients
Streets, roads, and highways are significant sources of pollutants  Trash |
in stormwater discharges, and operation and maintenance Metals ™
(O&M) practices, if not conducted properly, can contribute to the g .o
problem. Stormwater pollution from roadway and bridge oi

. . o < il and Grease %}
maintenance should be addressed on a site-specific basis. Use of ,
the procedures outlined below, that address street sweeping and Organics g

repair, bridge and structure maintenance, and unpaved roads Oxygen Demanding
will reduce pollutants in stormwater.

Approach
Pollution Prevention

m  Use the least toxic materials available (e.g. water based
paints, gels or sprays for graffiti removal)

m  Recycle paint and other materials whenever possible.

m  Enlist the help of citizens to keep yard waste, used oil, and
other wastes out of the gutter.

Suggested Protocols
Street Sweeping and Cleaning

m  Maintain a consistent sweeping schedule. Provide minimum ==
monthly sweeping of curbed streets.

m  Perform street cleaning during dry weather if possible.

CALIFORNIA STORMWATER
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SC-70 Road and Street Maintenance

m  Avoid wet cleaning or flushing of street, and utilize dry methods where possible.

m  Consider increasing sweeping frequency based on factors such as traffic volume, land use,
field observations of sediment and trash accumulation, proximity to water courses, etc. For
example:

- Increase the sweeping frequency for streets with high pollutant loadings, especially in
high traffic and industrial areas.

- Increase the sweeping frequency just before the wet season to remove sediments
accumulated during the summer.

- Increase the sweeping frequency for streets in special problem areas such as special
events, high litter or erosion zones.

m  Maintain cleaning equipment in good working condition and purchase replacement
equipment as needed. Old sweepers should be replaced with new technologically advanced
sweepers (preferably regenerative air sweepers) that maximize pollutant removal.

m  Operate sweepers at manufacturer requested optimal speed levels to increase effectiveness.
m To increase sweeping effectiveness consider the following;:

- Institute a parking policy to restrict parking in problematic areas during periods of street
sweeping.

- Post permanent street sweeping signs in problematic areas; use temporary signs if
installation of permanent signs is not possible.

- Develop and distribute flyers notifying residents of street sweeping schedules.
m  Regularly inspect vehicles and equipment for leaks, and repair immediately.

m If available use vacuum or regenerative air sweepers in the high sediment and trash areas
(typically industrial/commercial).

m  Keep accurate logs of the number of curb-miles swept and the amount of waste collected.
m  Dispose of street sweeping debris and dirt at a landfill.
m Do not store swept material along the side of the street or near a storm drain inlet.

m  Keep debris storage to a minimum during the wet season or make sure debris piles are
contained (e.g. by berming the area) or covered (e.g. with tarps or permanent covers).

Street Repair and Maintenance
Pavement marking

m  Schedule pavement marking activities for dry weather.
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Road and Street Maintenance SC-70

m  Develop paint handling procedures for proper use, storage, and disposal of paints.
m  Transfer and load paint and hot thermoplastic away from storm drain inlets.

m  Provide drop cloths and drip pans in paint mixing areas.

m  Properly maintain application equipment.

m  Street sweep thermoplastic grindings. Yellow thermoplastic grindings may require special
handling as they may contain lead.

m Paints containing lead or tributyltin are considered a hazardous waste and must be disposed
of properly.

m  Use water based paints whenever possible. If using water based paints, clean the application
equipment in a sink that is connected to the sanitary sewer.

m  Properly store leftover paints if they are to be kept for the next job, or dispose of properly.
Concrete installation and repair
m  Schedule asphalt and concrete activities for dry weather.

m  Take measures to protect any nearby storm drain inlets and adjacent watercourses, prior to
breaking up asphalt or concrete (e.g. place san bags around inlets or work areas).

m Limit the amount of fresh concrete or cement mortar mixed, mix only what is needed for the
job.

m  Store concrete materials under cover, away from drainage areas. Secure bags of cement after
they are open. Be sure to keep wind-blown cement powder away from streets, gutters, storm
drains, rainfall, and runoff.

m  Return leftover materials to the transit mixer. Dispose of small amounts of hardened excess
concrete, grout, and mortar in the trash.

m Do not wash sweepings from exposed aggregate concrete into the street or storm drain.
Collect and return sweepings to aggregate base stockpile, or dispose in the trash.

m  When making saw cuts in pavement, use as little water as possible and perform during dry
weather. Cover each storm drain inlet completely with filter fabric or plastic during the
sawing operation and contain the slurry by placing straw bales, sandbags, or gravel dams
around the inlets. After the liquid drains or evaporates, shovel or vacuum the slurry residue
from the pavement or gutter and remove from site. Alternatively, a small onsite vacuum
may be used to pick up the slurry as this will prohibit slurry from reaching storm drain
inlets.

m  Wash concrete trucks off site or in designated areas on site designed to preclude discharge of
wash water to drainage system.
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SC-70 Road and Street Maintenance

Patching, resurfacing, and surface sealing
m  Schedule patching, resurfacing and surface sealing for dry weather.

m  Stockpile materials away from streets, gutter areas, storm drain inlets or watercourses.
During wet weather, cover stockpiles with plastic tarps or berm around them if necessary to
prevent transport of materials in runoff.

m  Pre-heat, transfer or load hot bituminous material away from drainage systems or
watercourses.

m  Where applicable, cover and seal nearby storm drain inlets (with waterproof material or
mesh) and maintenance holes before applying seal coat, slurry seal, etc. Leave covers in
place until job is complete and until all water from emulsified oil sealants has drained or
evaporated. Clean any debris from covered maintenance holes and storm drain inlets when
the job is complete.

m  Prevent excess material from exposed aggregate concrete or similar treatments from
entering streets or storm drain inlets. Designate an area for clean up and proper disposal of
excess materials.

m  Use only as much water as necessary for dust control, to avoid runoff.

m  Sweep, never hose down streets to clean up tracked dirt. Use a street sweeper or vacuum
truck. Do not dump vacuumed liquid in storm drains.

m  Catch drips from paving equipment that is not in use with pans or absorbent material placed
under the machines. Dispose of collected material and absorbents properly.

Equipment cleaning maintenance and storage

m  Inspect equipment daily and repair any leaks. Place drip pans or absorbent materials under
heavy equipment when not in use.

m  Perform major equipment repairs at the corporation yard, when practical.

m Ifrefueling or repairing vehicles and equipment must be done onsite, use a location away
from storm drain inlets and watercourses.

m  (Clean equipment including sprayers, sprayer paint supply lines, patch and paving
equipment, and mud jacking equipment at the end of each day. Clean in a sink or other area
(e.g. vehicle wash area) that is connected to the sanitary sewer.

Bridge and Structure Maintenance

Paint and Paint Removal

m  Transport paint and materials to and from job sites in containers with secure lids and tied
down to the transport vehicle.

m Do not transfer or load paint near storm drain inlets or watercourses.
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Road and Street Maintenance SC-70

m Test and inspect spray equipment prior to starting to paint. Tighten all hoses and
connections and do not overfill paint container.

m  Plug nearby storm drain inlets prior to starting painting where there is significant risk of a
spill reaching storm drains. Remove plugs when job is completed.

m If sand blasting is used to remove paint, cover nearby storm drain inlets prior to starting
work.

m  Perform work on a maintenance traveler or platform, or use suspended netting or tarps to
capture paint, rust, paint removing agents, or other materials, to prevent discharge of
materials to surface waters if the bridge crosses a watercourse. If sanding, use a sander with
a vacuum filter bag.

m  Capture all clean-up water, and dispose of properly.

m  Recycle paint when possible (e.g. paint may be used for graffiti removal activities). Dispose
of unused paint at an appropriate household hazardous waste facility.

Graffiti Removal
m  Schedule graffiti removal activities for dry weather.

m  Protect nearby storm drain inlets prior to removing graffiti from walls, signs, sidewalks, or
other structures needing graffiti abatement. Clean up afterwards by sweeping or vacuuming
thoroughly, and/or by using absorbent and properly disposing of the absorbent.

m  When graffiti is removed by painting over, implement the procedures under Painting and
Paint Removal above.

m  Direct runoff from sand blasting and high pressure washing (with no cleaning agents) into a
landscaped or dirt area. If such an area is not available, filter runoff through an appropriate
filtering device (e.g. filter fabric) to keep sand, particles, and debris out of storm drains.

m If a graffiti abatement method generates wash water containing a cleaning compound (such
as high pressure washing with a cleaning compound), plug nearby storm drains and
vacuum/pump wash water to the sanitary sewer.

m  Consider using a waterless and non-toxic chemical cleaning method for graffiti removal (e.g.
gels or spray compounds).

Repair Work

m  Prevent concrete, steel, wood, metal parts, tools, or other work materials from entering
storm drains or watercourses.

m  Thoroughly clean up the job site when the repair work is completed.

m  When cleaning guardrails or fences follow the appropriate surface cleaning methods
(depending on the type of surface) outlined in SC-71 Plaza & Sidewalk Cleaning fact sheet.
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SC-70 Road and Street Maintenance

m If painting is conducted, follow the painting and paint removal procedures above.
m  If graffiti removal is conducted, follow the graffiti removal procedures above.

m If construction takes place, see the Construction Activity BMP Handbook.

m  Recycle materials whenever possible.

Unpaved Roads and Trails

m  Stabilize exposed soil areas to prevent soil from eroding during rain events. This is
particularly important on steep slopes.

m  For roadside areas with exposed soils, the most cost-effective choice is to vegetate the area,
preferably with a mulch or binder that will hold the soils in place while the vegetation is
establishing. Native vegetation should be used if possible.

m If vegetation cannot be established immediately, apply temporary erosion control
mats/blankets; a comma straw, or gravel as appropriate.

m If sediment is already eroded and mobilized in roadside areas, temporary controls should be
installed. These may include: sediment control fences, fabric-covered triangular dikes,
gravel-filled burlap bags, biobags, or hay bales staked in place.

Non-Stormwater Discharges

Field crews should be aware of non-stormwater discharges as part of their ongoing street
maintenance efforts.

m  Refer to SC-10 Non-Stormwater Discharges
m Identify location, time and estimated quantity of discharges.

m  Notify appropriate personnel.

Training
m  Train employees regarding proper street sweeping operation and street repair and
maintenance.

m Instruct employees and subcontractors to ensure that measures to reduce the stormwater
impacts of roadway/bridge maintenance are being followed.

m  Require engineering staff and/or consulting A/E firms to address stormwater quality in new
bridge designs or existing bridge retrofits.

m  Use a training log or similar method to document training.

m  Train employees on proper spill containment and clean up, and in identifying non-
stormwater discharges.
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Road and Street Maintenance SC-70

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup.

m  Keep your Spill Prevention Control and countermeasure (SPCC) plan up-to-date, and
implement accordingly.

m  Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

Other Considerations

m  Densely populated areas or heavily used streets may require parking regulations to clear
streets for cleaning.

= No currently available conventional sweeper is effective at removing oil and grease.
Mechanical sweepers are not effective at removing finer sediments.

m Limitations may arise in the location of new bridges. The availability and cost of land and
other economic and political factors may dictate where the placement of a new bridge will
occur. Better design of the bridge to control runoff is required if it is being placed near
sensitive waters.

Requirements

Costs

m  The maintenance of local roads and bridges is already a consideration of most community
public works or transportation departments. Therefore, the cost of pollutant reducing
management practices will involve the training and equipment required to implement these
new practices.

m  The largest expenditures for street sweeping programs are in staffing and equipment. The
capital cost for a conventional street sweeper is between $60,000 and $120,000. Newer
technologies might have prices approaching $180,000. The average useful life of a
conventional sweeper is about four years, and programs must budget for equipment
replacement. Sweeping frequencies will determine equipment life, so programs that sweep
more often should expect to have a higher cost of replacement.

m A street sweeping program may require the following.

- Sweeper operators, maintenance, supervisory, and administrative personnel are
required.

- Traffic control officers may be required to enforce parking restrictions.
- Skillful design of cleaning routes is required for program to be productive.

- Arrangements must be made for disposal of collected wastes.
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SC-70 Road and Street Maintenance

m If investing in newer technologies, training for operators must be included in operation and
maintenance budgets. Costs for public education are small, and mostly deal with the need to
obey parking restrictions and litter control. Parking tickets are an effective reminder to obey
parking rules, as well as being a source of revenue.

Maintenance
m  Not applicable

Supplemental Information
Further Detail of the BMP
Street sweeping

There are advantages and disadvantages to the two common types of sweepers. The best choice
depends on your specific conditions. Many communities find it useful to have a compliment of
both types in their fleet.

Mechanical Broom Sweepers - More effective at picking up large debris and cleaning wet streets.
Less costly to purchase and operate. Create more airborne dust.

Vacuum Sweepers - More effective at removing fine particles and associated heavy metals.
Ineffective at cleaning wet streets. Noisier than mechanical broom sweepers which may restrict
areas or times of operation. May require an advance vehicle to remove large debris.

Street Flushers - Not affected by biggest interference to cleaning, parked cars. May remove finer
sediments, moving them toward the gutter and stormwater inlets. For this reason, flushing fell
out of favor and is now used primarily after sweeping. Flushing may be effective for combined
sewer systems. Presently street flushing is not allowed under most NPDES permits.

Cross-Media Transfer of Pollutants

The California Air Resources Board (ARB) has established state ambient air quality standards
including a standard for respirable particulate matter (less than or equal to 10 microns in
diameter, symbolized as PM10). In the effort to sweep up finer sediments to remove attached
heavy metals, municipalities should be aware that fine dust, that cannot be captured by the
sweeping equipment and becomes airborne, could lead to issues of worker and public safety.

Bridges

Bridges that carry vehicular traffic generate some of the more direct discharges of runoff to
surface waters. Bridge scupper drains cause a direct discharge of stormwater into receiving
waters and have been shown to carry relatively high concentrations of pollutants. Bridge
maintenance also generates wastes that may be either directly deposited to the water below or
carried to the receiving water by stormwater. The following steps will help reduce the
stormwater impacts of bridge maintenance:

m Site new bridges so that significant adverse impacts to wetlands, sensitive areas, critical
habitat, and riparian vegetation are minimized.
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Road and Street Maintenance SC-70

m  Design new bridges to avoid the use of scupper drains and route runoff to land for treatment
control. Existing scupper drains should be cleaned on a regular basis to avoid
sediment/debris accumulation.

m  Reduce the discharge of pollutants to surface waters during maintenance by using
suspended traps, vacuums, or booms in the water to capture paint, rust, and paint removing
agents. Many of these wastes may be hazardous. Properly dispose of this waste by referring
to CA21 (Hazardous Waste Management) in the Construction Handbook.

m Train employees and subcontractors to reduce the discharge of wastes during bridge
maintenance.

De-icing
m Do not over-apply deicing salt and sand, and routinely calibrate spreaders.

m  Near reservoirs, restrict the application of deicing salt and redirect any runoff away from
reservoirs.

m  Consider using alternative deicing agents (less toxic, biodegradable, etc.).

References and Resources

Model Urban Runoff Program: A How-To Guide for Developing Urban Runoff Programs for
Small Municipalities. Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Association of Monterey Bay Area
Governments, Woodward-Clyde, Central Coast Regional Water Quality Control Board. July.
1998.

Orange County Stormwater Program
http://www.ocwatersheds.com/stormwater/swp_introduction.asp

Oregon Association of Clean Water Agencies. Oregon Municipal Stormwater Toolbox for
Maintenance Practices. June 1998.

Santa Clara Valley Urban Runoff Pollution Prevention Program. 1997 Urban Runoff
Management Plan. September 1997, updated October 2000.

Santa Clara Valley Urban Runoff Pollution Prevention Program. 2001. Fresh Concrete and
Mortar Application Best Management Practices for the Construction Industry. June.

Santa Clara Valley Urban Runoff Pollution Prevention Program. 2001. Roadwork and Paving
Best Management Practices for the Construction Industry. June.

United States Environmental Protection Agency (USEPA). 2002. Pollution Prevention/Good
Housekeeping for Municipal Operations Roadway and Bridge Maintenance. On-line
http://www.epa.gov/npdes/menuofbmps/poll 13.htm
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Plaza and Sidewalk Cleaning SC-71

Objectives

m Cover

Contain

Educate

Reduce/Minimize
Product Substitution

Targeted Constituents

Description Sediment i
Pollutants on sidewalks and other pedestrian traffic areas and Nutrients M
plazas are typically due to littering and vehicle use. This fact Trash M
sheet describes good housekeeping practices that can be Metals M
incorporated into the municipality’s existing cleaning and Bacteria %}
maintenance program. Oil and Grease 4|

Organics 4|
Approach Oxygen Demanding 4|
Pollution Prevention

m  Use dry cleaning methods whenever practical for surface
cleaning activities.

m  Use the least toxic materials available (e.g. water based
paints, gels or sprays for graffiti removal).

Suggested Protocols
Surface Cleaning

m  Regularly broom (dry) sweep sidewalk, plaza and parking lot
areas to minimize cleaning with water.

m  Dry cleanup first (sweep, collect, and dispose of debris and
trash) when cleaning sidewalks or plazas, then wash with or
without soap.

m  Block the storm drain or contain runoff when cleaning with
water. Discharge wash water to landscaping or collect water
and pump to a tank or discharge to sanitary sewer if allowed.
(Permission may be required from local sanitation district.)

CALIFORNIA STORMWATER
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SC-71 Plaza and Sidewalk Cleaning_

m  Block the storm drain or contain runoff when washing parking areas, driveways or drive-
throughs. Use absorbents to pick up oil; then dry sweep. Clean with or without soap.
Collect water and pump to a tank or discharge to sanitary sewer if allowed. Street Repair
and Maintenance.

Graffiti Removal
m  Avoid graffiti abatement activities during rain events.

m  Implement the procedures under Painting and Paint Removal in SC-70 Roads, Streets, and
Highway Operation and Maintenance fact sheet when graffiti is removed by painting over.

m  Direct runoff from sand blasting and high pressure washing (with no cleaning agents) into a
dirt or landscaped area after treating with an appropriate filtering device.

m  Plug nearby storm drain inlets and vacuum/pump wash water to the sanitary sewer if
authorized to do so if a graffiti abatement method generates wash water containing a
cleaning compound (such as high pressure washing with a cleaning compound). Ensure that
a non-hazardous cleaning compound is used or dispose as hazardous waste, as appropriate.

Surface Removal and Repair
m  Schedule surface removal activities for dry weather if possible.
m  Avoid creating excess dust when breaking asphalt or concrete.

m Take measures to protect nearby storm drain inlets prior to breaking up asphalt or concrete
(e.g. place hay bales or sand bags around inlets). Clean afterwards by sweeping up as much
material as possible.

m Designate an area for clean up and proper disposal of excess materials.

m  Remove and recycle as much of the broken pavement as possible to avoid contact with
rainfall and stormwater runoff.

m  When making saw cuts in pavement, use as little water as possible. Cover each storm drain
inlet completely with filter fabric during the sawing operation and contain the slurry by
placing straw bales, sandbags, or gravel dams around the inlets. After the liquid drains or
evaporates, shovel or vacuum the slurry residue from the pavement or gutter and remove
from site.

m  Always dry sweep first to clean up tracked dirt. Use a street sweeper or vacuum truck. Do
not dump vacuumed liquid in storm drains. Once dry sweeping is complete, the area may be
hosed down if needed. Wash water should be directed to landscaping or collected and
pumped to the sanitary sewer if allowed.

Concrete Installation and Repair

m  Schedule asphalt and concrete activities for dry weather.
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Plaza and Sidewalk Cleaning SC-71

m  Take measures to protect any nearby storm drain inlets and adjacent watercourses, prior to
breaking up asphalt or concrete (e.g. place san bags around inlets or work areas).

m Limit the amount of fresh concrete or cement mortar mixed, mix only what is needed for the
job.

m  Store concrete materials under cover, away from drainage areas. Secure bags of cement after
they are open. Be sure to keep wind-blown cement powder away from streets, gutters, storm
drains, rainfall, and runoff.

m  Return leftover materials to the transit mixer. Dispose of small amounts of hardened excess
concrete, grout, and mortar in the trash.

m Do not wash sweepings from exposed aggregate concrete into the street or storm drain.
Collect and return sweepings to aggregate base stockpile, or dispose in the trash.

m  Protect applications of fresh concrete from rainfall and runoff until the material has dried.
m Do not allow excess concrete to be dumped onsite, except in designated areas.

m  Wash concrete trucks off site or in designated areas on site designed to preclude discharge of
wash water to drainage system.

Controlling Litter
m  Post “No Littering” signs and enforce anti-litter laws.

m  Provide litter receptacles in busy, high pedestrian traffic areas of the community, at
recreational facilities, and at community events.

m  Cover litter receptacles and clean out frequently to prevent leaking/spillage or overflow.
m  Clean parking lots on a regular basis with a street sweeper.

Training
m  Provide regular training to field employees and/or contractors regarding surface cleaning
and proper operation of equipment.

m Train employee and contractors in proper techniques for spill containment and cleanup.
m  Use a training log or similar method to document training.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup.

m  Have spill cleanup materials readily available and in a known location.
m  Cleanup spills immediately and use dry methods if possible.

m  Properly dispose of spill cleanup material.
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SC-71 Plaza and Sidewalk Cleaning_

Other Considerations

m Limitations related to sweeping activities at large parking facilities may include current
sweeper technology to remove oil and grease.

m  Surface cleaning activities that require discharges to the local sewering agency will require
coordination with the agency.

m  Arrangements for disposal of the swept material collected must be made, as well as accurate
tracking of the areas swept and the frequency of sweeping.

Requirements
Costs

m The largest expenditures for sweeping and cleaning of sidewalks, plazas, and parking lots are
in staffing and equipment. Sweeping of these areas should be incorporated into street
sweeping programs to reduce costs.

Maintenance
Not applicable

Supplemental Information
Further Detail of the BMP

Community education, such as informing residents about their options for recycling and waste
disposal, as well as the consequences of littering, can instill a sense of citizen responsibility and
potentially reduce the amount of maintenance required by the municipality.

Additional BMPs that should be considered for parking lot areas include:

m  Allow sheet runoff to flow into biofilters (vegetated strip and swale) and infiltration devices.
m  Utilize sand filters or oleophilic collectors for oily waste in low concentrations.

m  Arrange rooftop drains to prevent drainage directly onto paved surfaces.

m  Design lot to include semi-permeable hardscape.

m  Structural BMPs such as storm drain inlet filters can be very effective in reducing the
amount of pollutants discharged from parking facilities during periods of rain.

References and Resources
Bay Area Stormwater Management Agencies Association (BASMAA). 1996. Pollution From

Surface Cleaning Folder http://www.basmaa.org

Model Urban Runoff Program: A How-To Guide for Developing Urban Runoff Programs for
Small Municipalities. Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Association of Monterey Bay Area
Governments, Woodward-Clyde, Central Coast Regional Water Quality Control Board. July.

1998.
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Plaza and Sidewalk Cleaning SC-71

Oregon Association of Clean Water Agencies. Oregon Municipal Stormwater Toolbox for
Maintenance Practices. June 1998.

Orange County Stormwater Program
http://www.ocwatersheds.com/stormwater/swp_introduction.asp

Santa Clara Valley Urban Runoff Pollution Prevention Program. 1997 Urban Runoff
Management Plan. September 1997, updated October 2000.

Santa Clara Valley Urban Runoff Pollution Prevention Program. Maintenance Best
Management Practices for the Construction Industry. Brochures: Landscaping, Gardening, and
Pool; Roadwork and Paving; and Fresh Concrete and Mortar Application. June 2001.

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Plan. 2001.
Municipal Activities Model Program Guidance. November.
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Landscape Maintenance SC-73

Objectives

m Contain
m Educate
m Reduce/Minimize

m Product Substitution

Targeted Constituents

Description Sediment M
Landscape maintenance activities include vegetation removal; Nutrients o
herbicide and insecticide application; fertilizer application; Trash M
watering; and other gardening and lawn care practices. Metals

Vegetation control typically involves a combination of chemical Bacteria

(herbicide) application and mechanical methods. All of these il and Grease

maintenance practices have the potential to contribute pollutants  rganics

to the storm drain system. The major objectives of this BMP are Oxygen Demanding !

to minimize the discharge of pesticides, herbicides and fertilizers
to the storm drain system and receiving waters; prevent the
disposal of landscape waste into the storm drain system by
collecting and properly disposing of clippings and cuttings, and
educating employees and the public.

Approach
Pollution Prevention

m Implement an integrated pest management (IPM) program.
IPM is a sustainable approach to managing pests by
combining biological, cultural, physical, and chemical tools.

m  Choose low water using flowers, trees, shrubs, and
groundcover.

m  Consider alternative landscaping techniques such as

naturescaping and xeriscaping.

m  Conduct appropriate maintenance (i.e. properly timed
fertilizing, weeding, pest control, and pruning) to help
preserve the landscapes water efficiency.

CALIFORNIA STORMWATER
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SC-73 Landscape Maintenance

m  Consider grass cycling (grass cycling is the natural recycling of grass by leaving the clippings
on the lawn when mowing. Grass clippings decompose quickly and release valuable
nutrients back into the lawn).

Suggested Protocols
Mowing, Trimming, and Weeding

m  Whenever possible use mechanical methods of vegetation removal (e.g mowing with tractor-
type or push mowers, hand cutting with gas or electric powered weed trimmers) rather than
applying herbicides. Use hand weeding where practical.

m  Avoid loosening the soil when conducting mechanical or manual weed control, this could
lead to erosion. Use mulch or other erosion control measures when soils are exposed.

m  Performing mowing at optimal times. Mowing should not be performed if significant rain
events are predicted.

m  Mulching mowers may be recommended for certain flat areas. Other techniques may be
employed to minimize mowing such as selective vegetative planting using low maintenance
grasses and shrubs.

m  Collect lawn and garden clippings, pruning waste, tree trimmings, and weeds. Chip if
necessary, and compost or dispose of at a landfill (see waste management section of this fact
sheet).

m  Place temporarily stockpiled material away from watercourses, and berm or cover stockpiles
to prevent material releases to storm drains.

Planting

m  Determine existing native vegetation features (location, species, size, function, importance)
and consider the feasibility of protecting them. Consider elements such as their effect on
drainage and erosion, hardiness, maintenance requirements, and possible conflicts between
preserving vegetation and the resulting maintenance needs.

m  Retain and/or plant selected native vegetation whose features are determined to be
beneficial, where feasible. Native vegetation usually requires less maintenance (e.g.,
irrigation, fertilizer) than planting new vegetation.

m  Consider using low water use groundcovers when planting or replanting.

Waste Management

m  Compost leaves, sticks, or other collected vegetation or dispose of at a permitted landfill. Do
not dispose of collected vegetation into waterways or storm drainage systems.

m  Place temporarily stockpiled material away from watercourses and storm drain inlets, and
berm or cover stockpiles to prevent material releases to the storm drain system.

m  Reduce the use of high nitrogen fertilizers that produce excess growth requiring more
frequent mowing or trimming.
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Landscape Maintenance SC-73

m  Avoid landscape wastes in and around storm drain inlets by either using bagging equipment
or by manually picking up the material.

Irrigation
m  Where practical, use automatic timers to minimize runoff.

m  Use popup sprinkler heads in areas with a lot of activity or where there is a chance the pipes
may be broken. Consider the use of mechanisms that reduce water flow to sprinkler heads if
broken.

m  Ensure that there is no runoff from the landscaped area(s) if re-claimed water is used for
irrigation.

m If bailing of muddy water is required (e.g. when repairing a water line leak), do not put it in
the storm drain; pour over landscaped areas.

m Irrigate slowly or pulse irrigate to prevent runoff and then only irrigate as much as is
needed.

m  Apply water at rates that do not exceed the infiltration rate of the soil.

Fertilizer and Pesticide Management

m  Utilize a comprehensive management system that incorporates integrated pest management
(IPM) techniques. There are many methods and types of IPM, including the following:

- Mulching can be used to prevent weeds where turf is absent, fencing installed to keep
rodents out, and netting used to keep birds and insects away from leaves and fruit.

- Visible insects can be removed by hand (with gloves or tweezers) and placed in soapy
water or vegetable oil. Alternatively, insects can be sprayed off the plant with water or in
some cases vacuumed off of larger plants.

- Store-bought traps, such as species-specific, pheromone-based traps or colored sticky
cards, can be used.

- Slugs can be trapped in small cups filled with beer that are set in the ground so the slugs
can get in easily.

- In cases where microscopic parasites, such as bacteria and fungi, are causing damage to
plants, the affected plant material can be removed and disposed of (pruning equipment
should be disinfected with bleach to prevent spreading the disease organism).

- Small mammals and birds can be excluded using fences, netting, tree trunk guards.

- Beneficial organisms, such as bats, birds, green lacewings, ladybugs, praying mantis,
ground beetles, parasitic nematodes, trichogramma wasps, seed head weevils, and
spiders that prey on detrimental pest species can be promoted.

m  Follow all federal, state, and local laws and regulations governing the use, storage, and
disposal of fertilizers and pesticides and training of applicators and pest control advisors.
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SC-73 Landscape Maintenance

m  Use pesticides only if there is an actual pest problem (not on a regular preventative
schedule).

m Do not use pesticides if rain is expected. Apply pesticides only when wind speeds are low
(Iess than 5 mph).

m Do not mix or prepare pesticides for application near storm drains.

m  Prepare the minimum amount of pesticide needed for the job and use the lowest rate that
will effectively control the pest.

= Employ techniques to minimize off-target application (e.g. spray drift) of pesticides,
including consideration of alternative application techniques.

m  Fertilizers should be worked into the soil rather than dumped or broadcast onto the surface.

m Calibrate fertilizer and pesticide application equipment to avoid excessive application.

m  Periodically test soils for determining proper fertilizer use.

m  Sweep pavement and sidewalk if fertilizer is spilled on these surfaces before applying
irrigation water.

m  Purchase only the amount of pesticide that you can reasonably use in a given time period
(month or year depending on the product).

m  Triple rinse containers, and use rinse water as product. Dispose of unused pesticide as
hazardous waste.

m  Dispose of empty pesticide containers according to the instructions on the container label.

Inspection

m Inspect irrigation system periodically to ensure that the right amount of water is being
applied and that excessive runoff is not occurring. Minimize excess watering, and repair
leaks in the irrigation system as soon as they are observed.

m Inspect pesticide/fertilizer equipment and transportation vehicles daily.

Training

m  Educate and train employees on use of pesticides and in pesticide application techniques to
prevent pollution. Pesticide application must be under the supervision of a California
qualified pesticide applicator.

m Train/encourage municipal maintenance crews to use IPM techniques for managing public
green areas.

m  Annually train employees within departments responsible for pesticide application on the
appropriate portions of the agency’s IPM Policy, SOPs, and BMPs, and the latest IPM
techniques.
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Landscape Maintenance SC-73

m  Employees who are not authorized and trained to apply pesticides should be periodically (at
least annually) informed that they cannot use over-the-counter pesticides in or around the
workplace.

m  Use a training log or similar method to document training.

Spill Response and Prevention
m  Refer to SC-11, Spill Prevention, Control & Cleanup

m  Have spill cleanup materials readily available and in a know in location
m  Cleanup spills immediately and use dry methods if possible.
m  Properly dispose of spill cleanup material.

Other Considerations

m  The Federal Pesticide, Fungicide, and Rodenticide Act and California Title 3, Division 6,
Pesticides and Pest Control Operations place strict controls over pesticide application and
handling and specify training, annual refresher, and testing requirements. The regulations
generally cover: a list of approved pesticides and selected uses, updated regularly; general
application information; equipment use and maintenance procedures; and record keeping.
The California Department of Pesticide Regulations and the County Agricultural
Commission coordinate and maintain the licensing and certification programs. All public
agency employees who apply pesticides and herbicides in “agricultural use” areas such as
parks, golf courses, rights-of-way and recreation areas should be properly certified in
accordance with state regulations. Contracts for landscape maintenance should include
similar requirements.

m  All employees who handle pesticides should be familiar with the most recent material safety
data sheet (MSDS) files.

m  Municipalities do not have the authority to regulate the use of pesticides by school districts,
however the California Healthy Schools Act of 2000 (AB 2260) has imposed requirements
on California school districts regarding pesticide use in schools. Posting of notification prior
to the application of pesticides is now required, and IPM is stated as the preferred approach
to pest management in schools.

Requirements

Costs

Additional training of municipal employees will be required to address IPM techniques and
BMPs. IPM methods will likely increase labor cost for pest control which may be offset by lower
chemical costs.

Maintenance
Not applicable
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SC-73 Landscape Maintenance

Supplemental Information
Further Detail of the BMP
Waste Management

Composting is one of the better disposal alternatives if locally available. Most municipalities
either have or are planning yard waste composting facilities as a means of reducing the amount
of waste going to the landfill. Lawn clippings from municipal maintenance programs as well as
private sources would probably be compatible with most composting facilities

Contractors and Other Pesticide Users

Municipal agencies should develop and implement a process to ensure that any contractor
employed to conduct pest control and pesticide application on municipal property engages in
pest control methods consistent with the IPM Policy adopted by the agency. Specifically,
municipalities should require contractors to follow the agency’s IPM policy, SOPs, and BMPs;
provide evidence to the agency of having received training on current IPM techniques when
feasible; provide documentation of pesticide use on agency property to the agency in a timely
manner.

References and Resources

King County Stormwater Pollution Control Manual. Best Management Practices for Businesses.
1995. King County Surface Water Management. July. On-line:

http://dnr.metroke.gov/wlr/dss/spem.htm

Los Angeles County Stormwater Quality Model Programs. Public Agency Activities
http://ladpw.org/wmd/npdes/model links.cfm

Model Urban Runoff Program: A How-To Guide for Developing Urban Runoff Programs for
Small Municipalities. Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Association of Monterey Bay Area
Governments, Woodward-Clyde, Central Coast Regional Water Quality Control Board. July.

1998.

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/swp_introduction.asp

Santa Clara Valley Urban Runoff Pollution Prevention Program. 1997 Urban Runoff
Management Plan. September 1997, updated October 2000.

United States Environmental Protection Agency (USEPA). 2002. Pollution Prevention/Good
Housekeeping for Municipal Operations Landscaping and Lawn Care. Office of Water. Office of

Wastewater Management. On-line: http://www.epa.gov/npdes/menuofbmps/poll 8.htm
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Drainage System Maintenance SC-74

Objectives

m Contain
m Educate

m Reduce/Minimize

Photo Credit: Geoff Brosseau

Description -

As a consequence of its function, the stormwater conveyance Targeted Constituents
system collects and transports urban runoff that may contain Sediment

certain pollutants. Maintaining catch basins, stormwater inlets, Nutrients

and other stormwater conveyance structures on a regular basis Trash

will remove pollutants, prevent clogging of the downstream Metals

conveyance system, restore catch basins’ sediment trapping
capacity, and ensure the system functions properly hydraulically
to avoid flooding.

Bacteria

Oil and Grease
Organics
Approach Oxygen Demanding
Suggested Protocols

Catch Basins/Inlet Structures

NERRNNERAA

m  Municipal staff should regularly inspect facilities to ensure
the following;:

- Immediate repair of any deterioration threatening
structural integrity.

- Cleaning before the sump is 40% full. Catch basins
should be cleaned as frequently as needed to meet this
standard.

- Stenciling of catch basins and inlets (see SC-75 Waste
Handling and Disposal).

m  Clean catch basins, storm drain inlets, and other conveyance
structures in high pollutant load areas just before the wet
season to remove sediments and debris accumulated during
the summer.

CALIFORNIA STORMWATER
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SC-74 Drainage System Maintenance

m  Conduct inspections more frequently during the wet season for problem areas where
sediment or trash accumulates more often. Clean and repair as needed.

m  Keep accurate logs of the number of catch basins cleaned.
m  Record the amount of waste collected.

m  Store wastes collected from cleaning activities of the drainage system in appropriate
containers or temporary storage sites in a manner that prevents discharge to the storm
drain.

m  Dewater the wastes with outflow into the sanitary sewer if permitted. Water should be
treated with an appropriate filtering device prior to discharge to the sanitary sewer. If
discharge to the sanitary sewer is not allowed, water should be pumped or vacuumed to a
tank and properly disposed of. Do not dewater near a storm drain or stream.

m  Except for small communities with relatively few catch basins that may be cleaned manually,
most municipalities will require mechanical cleaners such as eductors, vacuums, or bucket
loaders.

Storm Drain Conveyance System

m  Locate reaches of storm drain with deposit problems and develop a flushing schedule that
keeps the pipe clear of excessive buildup.

m  Collect flushed effluent and pump to the sanitary sewer for treatment.
Pump Stations
m  Clean all storm drain pump stations prior to the wet season to remove silt and trash.

m Do not allow discharge from cleaning a storm drain pump station or other facility to reach
the storm drain system.

m  Conduct quarterly routine maintenance at each pump station.
m Inspect, clean, and repair as necessary all outlet structures prior to the wet season.

m  Sample collected sediments to determine if landfill disposal is possible, or illegal discharges
in the watershed are occurring.

Open Channel

m  Consider modification of storm channel characteristics to improve channel hydraulics, to
increase pollutant removals, and to enhance channel/creek aesthetic and habitat value.

m  Conduct channel modification/improvement in accordance with existing laws. Any person,
government agency, or public utility proposing an activity that will change the natural
(emphasis added) state of any river, stream, or lake in California, must enter into a steam or
Lake Alteration Agreement with the Department of Fish and Game. The developer-applicant
should also contact local governments (city, county, special districts), other state agencies
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Drainage System Maintenance SC-74

(SWRCB, RWQCB, Department of Forestry, Department of Water Resources), and Federal
Corps of Engineers and USFWS

Illicit Connections and Discharges

During routine maintenance of conveyance system and drainage structures field staff should
look for evidence of illegal discharges or illicit connections:

- Is there evidence of spills such as paints, discoloring, etc.
- Are there any odors associated with the drainage system
- Record locations of apparent illegal discharges/illicit connections

- Track flows back to potential dischargers and conduct aboveground inspections. This can
be done through visual inspection of up gradient manholes or alternate techniques
including zinc chloride smoke testing, fluorometric dye testing, physical inspection
testing, or television camera inspection.

- Once the origin of flow is established, require illicit discharger to eliminate the discharge.

Stencil storm drains, where applicable, to prevent illegal disposal of pollutants. Storm drain
inlets should have messages such as “Dump No Waste Drains to Stream” stenciled next to
them to warn against ignorant or intentional dumping of pollutants into the storm drainage
system.

Refer to fact sheet SC-10 Non-Stormwater Discharges.

Illegal Dumping

Regularly inspect and clean up hot spots and other storm drainage areas where illegal
dumping and disposal occurs.

Establish a system for tracking incidents. The system should be designed to identify the
following:

- Illegal dumping hot spots
- Types and quantities (in some cases) of wastes
- Patterns in time of occurrence (time of day/night, month, or year)

- Mode of dumping (abandoned containers, “midnight dumping” from moving vehicles,
direct dumping of materials, accidents/spills)

- Responsible parties

Post “No Dumping” signs in problem areas with a phone number for reporting dumping and
disposal. Signs should also indicate fines and penalties for illegal dumping.

Refer to fact sheet SC-10 Non-Stormwater Discharges.

January 2003 California Stormwater BMP Handbook 30f9

Municipal
www.cabmphandbooks.com



SC-74 Drainage System Maintenance

The State Department of Fish and Game has a hotline for reporting violations called Cal TIP
(1-800-952-5400). The phone number may be used to report any violation of a Fish and
Game code (illegal dumping, poaching, etc.).

The California Department of Toxic Substances Control’s Waste Alert Hotline, 1-800-
69TOXIC, can be used to report hazardous waste violations.

Training

Train crews in proper maintenance activities, including record keeping and disposal.
Only properly trained individuals are allowed to handle hazardous materials/wastes.

Train municipal employees from all departments (public works, utilities, street cleaning,
parks and recreation, industrial waste inspection, hazardous waste inspection, sewer
maintenance) to recognize and report illegal dumping.

Train municipal employees and educate businesses, contractors, and the general public in
proper and consistent methods for disposal.

Train municipal staff regarding non-stormwater discharges (See SC-10 Non-Stormwater
Discharges).

Spill Response and Prevention

Refer to SC-11, Prevention, Control & Cleanup
Have spill cleanup materials readily available and in a known location.
Cleanup spills immediately and use dry methods if possible.

Properly dispose of spill cleanup material.

Other Considerations

Cleanup activities may create a slight disturbance for local aquatic species. Access to items
and material on private property may be limited. Trade-offs may exist between channel
hydraulics and water quality/riparian habitat. If storm channels or basins are recognized as
wetlands, many activities, including maintenance, may be subject to regulation and
permitting.

Storm drain flushing is most effective in small diameter pipes (36-inch diameter pipe or less,
depending on water supply and sediment collection capacity). Other considerations
associated with storm drain flushing may include the availability of a water source, finding a
downstream area to collect sediments, liquid/sediment disposal, and disposal of flushed
effluent to sanitary sewer may be prohibited in some areas.

Regulations may include adoption of substantial penalties for illegal dumping and disposal.

Municipal codes should include sections prohibiting the discharge of soil, debris, refuse,
hazardous wastes, and other pollutants into the storm drain system.

Private property access rights may be needed to track illegal discharges up gradient.
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Drainage System Maintenance SC-74

m  Requirements of municipal ordinance authority for suspected source verification testing for
illicit connections necessary for guaranteed rights of entry.

Requirements

Costs

m  An aggressive catch basin cleaning program could require a significant capital and O&M
budget. A careful study of cleaning effectiveness should be undertaken before increased
cleaning is implemented. Catch basin cleaning costs are less expensive if vacuum street
sweepers are available; cleaning catch basins manually can cost approximately twice as
much as cleaning the basins with a vacuum attached to a sweeper.

m  Methods used for illicit connection detection (smoke testing, dye testing, visual inspection,
and flow monitoring) can be costly and time-consuming. Site-specific factors, such as the
level of impervious area, the density and ages of buildings, and type of land use will
determine the level of investigation necessary. Encouraging reporting of illicit discharges by
employees can offset costs by saving expense on inspectors and directing resources more
efficiently. Some programs have used funds available from “environmental fees” or special
assessment districts to fund their illicit connection elimination programs.

Maintenance
m  Two-person teams may be required to clean catch basins with vactor trucks.

m Identifying illicit discharges requires teams of at least two people (volunteers can be used),
plus administrative personnel, depending on the complexity of the storm sewer system.

m  Arrangements must be made for proper disposal of collected wastes.

m  Requires technical staff to detect and investigate illegal dumping violations, and to
coordinate public education.

Supplemental Information
Further Detail of the BMP
Storm Drain flushing

Sanitary sewer flushing is a common maintenance activity used to improve pipe hydraulics and
to remove pollutants in sanitary sewer systems. The same principles that make sanitary sewer
flushing effective can be used to flush storm drains. Flushing may be designed to hydraulically
convey accumulated material to strategic locations, such as to an open channel, to another point
where flushing will be initiated, or over to the sanitary sewer and on to the treatment facilities,
thus preventing re-suspension and overflow of a portion of the solids during storm events.
Flushing prevents “plug flow” discharges of concentrated pollutant loadings and sediments. The
deposits can hinder the designed conveyance capacity of the storm drain system and potentially
cause backwater conditions in severe cases of clogging.

Storm drain flushing usually takes place along segments of pipe with grades that are too flat to
maintain adequate velocity to keep particles in suspension. An upstream manhole is selected to
place an inflatable device that temporarily plugs the pipe. Further upstream, water is pumped
into the line to create a flushing wave. When the upstream reach of pipe is sufficiently full to
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SC-74 Drainage System Maintenance

cause a flushing wave, the inflated device is rapidly deflated with the assistance of a vacuum
pump, releasing the backed up water and resulting in the cleaning of the storm drain segment.

To further reduce the impacts of stormwater pollution, a second inflatable device, placed well
downstream, may be used to re-collect the water after the force of the flushing wave has
dissipated. A pump may then be used to transfer the water and accumulated material to the
sanitary sewer for treatment. In some cases, an interceptor structure may be more practical or
required to re-collect the flushed waters.

It has been found that cleansing efficiency of periodic flush waves is dependent upon flush
volume, flush discharge rate, sewer slope, sewer length, sewer flow rate, sewer diameter, and
population density. As a rule of thumb, the length of line to be flushed should not exceed 700
feet. At this maximum recommended length, the percent removal efficiency ranges between 65-
75 percent for organics and 55-65 percent for dry weather grit/inorganic material. The percent
removal efficiency drops rapidly beyond that. Water is commonly supplied by a water truck, but
fire hydrants can also supply water. To make the best use of water, it is recommended that
reclaimed water be used or that fire hydrant line flushing coincide with storm drain flushing.

Flow Management

Flow management has been one of the principal motivations for designing urban stream
corridors in the past. Such needs may or may not be compatible with the stormwater quality
goals in the stream corridor.

Downstream flood peaks can be suppressed by reducing through flow velocity. This can be
accomplished by reducing gradient with grade control structures or increasing roughness with
boulders, dense vegetation, or complex banks forms. Reducing velocity correspondingly
increases flood height, so all such measures have a natural association with floodplain open
space. Flood elevations laterally adjacent to the stream can be lowered by increasing through
flow velocity.

However, increasing velocity increases flooding downstream and inherently conflicts with
channel stability and human safety. Where topography permits, another way to lower flood
elevation is to lower the level of the floodway with drop structures into a large but subtly
excavated bowl where flood flows we allowed to spread out.

Stream Corridor Planning

Urban streams receive and convey stormwater flows from developed or developing watersheds.
Planning of stream corridors thus interacts with urban stormwater management programs. If
local programs are intended to control or protect downstream environments by managing flows
delivered to the channels, then it is logical that such programs should be supplemented by
management of the materials, forms, and uses of the downstream riparian corridor. Any
proposal for steam alteration or management should be investigated for its potential flow and
stability effects on upstream, downstream, and laterally adjacent areas. The timing and rate of
flow from various tributaries can combine in complex ways to alter flood hazards. Each section
of channel is unique, influenced by its own distribution of roughness elements, management
activities, and stream responses.
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Drainage System Maintenance SC-74

Flexibility to adapt to stream features and behaviors as they evolve must be included in stream
reclamation planning. The amenity and ecology of streams may be enhanced through the
landscape design options of 1) corridor reservation, 2) bank treatment, 3) geomorphic
restoration, and 4) grade control.

Corridor reservation - Reserving stream corridors and valleys to accommodate natural stream
meandering, aggradation, degradation, and over bank flows allows streams to find their own
form and generate less ongoing erosion. In California, open stream corridors in recent urban
developments have produced recreational open space, irrigation of streamside plantings, and
the aesthetic amenity of flowing water.

Bank treatment - The use of armoring, vegetative cover, and flow deflection may be used to
influence a channel’s form, stability, and biotic habitat. To prevent bank erosion, armoring can
be done with rigid construction materials, such as concrete, masonry, wood planks and logs,
riprap, and gabions. Concrete linings have been criticized because of their lack of provision of
biotic habitat. In contrast, riprap and gabions make relatively porous and flexible linings.
Boulders, placed in the bed reduce velocity and erosive power.

Riparian vegetation can stabilize the banks of streams that are at or near a condition of
equilibrium. Binding networks of roots increase bank shear strength. During flood flows,
resilient vegetation is forced into erosion-inhibiting mats. The roughness of vegetation leads to
lower velocity, further reducing erosive effects. Structural flow deflection can protect banks
from erosion or alter fish habitat. By concentrating flow, a deflector causes a pool to be scoured

in the bed.

Geomorphic restoration — Restoration refers to alteration of disturbed streams so their form
and behavior emulate those of undisturbed streams. Natural meanders are retained, with
grading to gentle slopes on the inside of curves to allow point bars and riffle-pool sequences to
develop. Trees are retained to provide scenic quality, biotic productivity, and roots for bank
stabilization, supplemented by plantings where necessary.

A restorative approach can be successful where the stream is already approaching equilibrium.
However, if upstream urbanization continues new flow regimes will be generated that could
disrupt the equilibrium of the treated system.

Grade Control - A grade control structure is a level shelf of a permanent material, such as stone,
masonry, or concrete, over which stream water flows. A grade control structure is called a sill,
weir, or drop structure, depending on the relation of its invert elevation to upstream and
downstream channels.

Asill is installed at the preexisting channel bed elevation to prevent upstream migration of nick
points. It establishes a firm base level below which the upstream channel can not erode.

A weir or check dam is installed with invert above the preexisting bed elevation. A weir raises
the local base level of the stream and causes aggradation upstream. The gradient, velocity, and
erosive potential of the stream channel are reduced. A drop structure lowers the downstream
invert below its preexisting elevation, reducing downstream gradient and velocity. Weirs and
drop structure control erosion by dissipating energy and reducing slope velocity.
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SC-74 Drainage System Maintenance

When carefully applied, grade control structures can be highly versatile in establishing human
and environmental benefits in stabilized channels. To be successful, application of grade control
structures should be guided by analysis of the stream system both upstream and downstream
from the area to he reclaimed.

Examples

The California Department of Water Resources began the Urban Stream Restoration Program in
1985. The program provides grant funds to municipalities and community groups to implement
stream restoration projects. The projects reduce damages from streambank aid watershed
instability arid floods while restoring streams’ aesthetic, recreational, and fish and wildlife
values.

In Buena Vista Park, upper floodway slopes are gentle and grassed to achieve continuity of
usable park land across the channel of small boulders at the base of the slopes.

The San Diego River is a large, vegetative lined channel, which was planted in a variety of
species to support riparian wildlife while stabilizing the steep banks of the floodway.

References and Resources

Ferguson, B.K. 1991. Urban Stream Reclamation, p. 324-322, Journal of Soil and Water
Conservation.

Los Angeles County Stormwater Quality. Public Agency Activities Model Program. On-line:
http://ladpw.org/wmd/npdes/public_TC.cfm

Model Urban Runoff Program: A How-To Guide for Developing Urban Runoff Programs for
Small Municipalities. Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Association of Monterey Bay Area
Governments, Woodward-Clyde, Central Coast Regional Water Quality Control Board. July.

1998.

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/s introduction.as

Santa Clara Valley Urban Runoff Pollution Prevention Program. 1997 Urban Runoff
Management Plan. September 1997, updated October 2000.

San Diego Stormwater Co-permittees Jurisdictional Urban Runoff Management Program
(URMP) Municipal Activities Model Program Guidance. 2001. Project Clean Water.
November.

United States Environmental Protection Agency (USEPA). 1999. Stormwater Management Fact
Sheet Non-stormwater Discharges to Storm Sewers. EPA 832-F-99-022. Office of Water,
Washington, D.C. September.

United States Environmental Protection Agency (USEPA). 1999. Stormwater O&M Fact Sheet
Catch Basin Cleaning. EPA 832-F-99-011. Office of Water, Washington, D.C. September.
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United States Environmental Protection Agency (USEPA). 2002. Pollution Prevention/Good
Housekeeping for Municipal Operations Illegal Dumping Control. On line:
http://www.epa.gov/npdes/menuofbmps/poll 7.htm

United States Environmental Protection Agency (USEPA). 2002. Pollution Prevention/Good
Housekeeping for Municipal Operations Storm Drain System Cleaning. On line:
http://www.epa.gov/npdes/menuofbmps/poll _16.htm
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Waste Handling and Disposal SC-75

Objectives

m Cover

Contain

Educate

Reduce/Reuse

Targeted Constituents

Description .
.. . . Sediment %}
It is important to control litter to eliminate trash and other ,
LE o ) Nutrients %}
materials in stormwater runoff. Waste reduction is a major
component of waste management and should be encouraged Trash o
through training and public outreach. Management of waste Metals M
once it is collected may involve reuse, recycling, or proper Bacteria ]
disposal. Oil and Grease 4|
Organics 4|
Approach Oxygen Demanding 4|
Pollution Prevention

m  Reuse products when possible.

m  Encourage recycling programs with recycling bins, used oil
collection, etc.

Suggested Protocols
Solid Waste Collection

m  Implement procedures, where applicable, to collect,
transport, and dispose of solid waste at appropriate disposal
facilities in accordance with applicable federal, state, and
local laws and regulations.

m Include properly designed trash storage areas. If feasible
provide cover over trash storage areas.

m  Regularly inspect solid waste containers for structural
damage. Repair or replace damaged containers as necessary.

CALIFORNIA STORMWATER
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SC-75 Waste Handling and Disposal

m  Secure solid waste containers; containers must be closed tightly when not in use.
m Do not fill waste containers with washout water or any other liquid.

m  Ensure that only appropriate solid wastes are added to the solid waste container. Certain
wastes such as hazardous wastes, appliances, fluorescent lamps, pesticides, etc. may not be
disposed of in solid waste containers (see chemical/ hazardous waste collection section
below).

= Do not mix wastes; this can cause chemical reactions, make recycling impossible, and
complicate disposal.

m  Refer to SC-34 Waste Handling and Disposal for more information regarding solid waste
facilities.

Waste Reduction and Recycling

m  Recycle wastes whenever possible. Many types of waste can be recycled, recycling options
for each waste type are limited. All gasoline, antifreeze, waste oil, and lead-acid batteries
can be recycled. Latex and oil-based paint can be reused, as well as recycled. Materials that
cannot be reused or recycled should either be incinerated or disposed of at a properly
permitted landfill.

m  Recycling is always preferable to disposal of unwanted materials.

m  Recycling bins for glass, metal, newspaper, plastic bottles and other recyclable household
solid wastes should be provided at public facilities and/or for residential curbside collection.

Controlling Litter
m  Post “No Littering” signs and enforce anti-litter laws.

m  Provide litter receptacles in busy, high pedestrian traffic areas of the community, at
recreational facilities, and at community events.

m  Clean out and cover litter receptacles frequently to prevent spillage.
Illegal Dumping

Substances illegally dumped on streets and into the storm drain system and creeks include
paints, used oil and other automotive fluids, construction debris, chemicals, fresh concrete,
leaves, grass clipping, and pet wastes.

m  Post “No Dumping” signs with a phone number for reporting dumping and disposal. Signs
should also indicate fines and penalties for illegal dumping.

m Landscaping and beautification efforts of hot spots might also discourage future dumping.

m  See SC-74 Drainage System Maintenance, and SC-10 Non-Stormwater Discharges.
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Waste Handling and Disposal SC-75

Requirements
Costs

m  The costs for a solid waste source control program vary depending on the type of method.
The cost of a community education program or a plan to increase the number of trash
receptacles can be very minimal. Costs for structural controls such as trash racks, bar
screens, and silt traps can be quite costly ranging from $250,000 to $900,000.

m A collection facility or curbside collection for used oil may result in significant costs.
Commerecial locations (automobile service stations, quick oil change centers, etc.) as
collection points eliminate hauling and recycling costs.

m  Collection and disposal of hazardous waste can be very expensive and requires trained
operators; laboratory and detection equipment; and extensive record keeping including
dates, types, and quantities.

m  Use of volunteer work forces can lower storm drain stenciling program costs. Stenciling kits
require procurement of durable/disposable items. The stenciling program can aid in the
cataloging of the storm drain system. One municipality from the state of Washington has
estimated that stenciling kits cost approximately $50 each. Stencils may cost about $8 each
including the die cost on an order of 1,000. Re-orders cost about $1/stencil. Stencil designs
may be available from other communities. Stencil kits should be provided on a loan basis to
volunteer groups free of charge with the understanding that kit remnants are to be returned.

Maintenance

m  The primary staff demand for stenciling programs is for program setup to provide marketing
and training. Ongoing/follow-up staff time is minimal because of volunteer services.

m  Staffing requirements are minimal for oil recycling programs if collection/recycling is
contracted out to a used oil hauler/recycler or required at commercial locations.

m  Staff requirements for maintaining good housekeeping BMPs at waste handling sites is
minimal.

Supplemental Information
Further Detail of the BMP
Waste Reduction

An approach to reduce stormwater pollution from waste handling and disposal is to assess
activities and reduce waste generation. The assessment is designed to find situations where
waste can be eliminated or reduced and emissions and environmental damage can be
minimized. The assessment involves collecting process specific information, setting pollution
prevention targets, and developing, screening and selecting waste reduction options for further
study. Starting a waste reduction program is economically beneficial because of reduced raw
material purchases and lower waste disposal fees.
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SC-75 Waste Handling and Disposal

References and Resources
Best Management Practices Program for Pollution Prevention, City and County of San
Francisco, Uribe & Associates, Oakland, California, 1990.

Harvard University. 2002. Solid Waste Container Best Management Practices — Fact Sheet On-
Line Resources — Environmental Health and Safety.

Model Urban Runoff Program: A How-To-Guide for Developing Urban Runoff Programs for
Small Municipalities. Prepared by City of Monterey, City of Santa Cruz, California Coastal
Commission, Monterey Bay National Marine Sanctuary, Association of Monterey Bay Area
Governments, Woodward-Clyde, Central Coast Regional Water Quality Control Board. July
1998. (Revised February 2002 by the California Coastal Commission).

Orange County Stormwater Program
http://www.ocwatersheds.com/StormWater/s introduction.asp.

Santa Clara Valley Urban Runoff Pollution Prevention Program. 1997 Urban Runoff
Management Plan. September 1997, updated October 2000.
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Water & Sewer Utility Maintenance SC-76

Objectives

m Contain

m Educate

Reduce/Minimize

Description Targeted Constituents
Although the operation and maintenance of public utilities are Sediment ™
not considered chronic sources of stormwater pollution, some Nutrients o
activities and accidents can result in the discharge of pollutants Trash

that can pose a threat to both human health and the quality of
receiving waters if they enter the storm drain system. Sewage
incident response and investigation may involve a coordinated
effort between staff from a number of different
departments/agencies. Cities that do not provide maintenance Organics

of water and sewer utilities must coordinate with the contracting ~ Oxygen Demanding
agency responsible for these activities and ensure that these

model procedures are followed.

Metals
Bacteria
Oil and Grease

NERAX

Approach
Pollution Prevention

Inspect potential non-stormwater discharge flow paths and
clear/cleanup any debris or pollutants found (i.e. remove trash,
leaves, sediment, and wipe up liquids, including oil spills).

Suggested Protocols
Water Line Maintenance and Cleaning

Procedures can be employed to reduce pollutants from
discharges associated with water utility operation and
maintenance activities. Planned discharges may include fire

hydrant testing, flushing water supply mains after new
construction, flushing lines due to complaints of taste and odor,
dewatering mains for maintenance work. Unplanned discharges
from treated, recycled water, raw water, and groundwater systems
operation and maintenance activities can occur from water main

CALIFORNIA STORMWATER
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SC-76 Water & Sewer Utility Maintenance

breaks, sheared fire hydrants, equipment malfunction, and operator error.
Planned discharges
m Identify a suitable discharge option in the following order of preference:
- Apply to the land.
- Reuse water for dust suppression, irrigation, or construction compaction.
- Discharge to a sanitary sewer system with approval.

- Discharge to the storm drain system using applicable pollution control measures. (Only
available to clean water discharges such as water main/ water storage tank/water
hydrant flushing).

m If water is discharged to a storm drain, control measures must be put in place to control
potential pollutants (i.e. sediment, chlorine, etc.). Examples of some storm drain protection
options include:

- Silt fence — appropriate where the inlet drains a relatively flat area.

- Gravel and wire mesh sediment filter — Appropriate where concentrated flows are
expected.

- Wooden weir and fabric — use at curb inlets where a compact installation is desired.

m  Prior to discharge, inspect discharge flow path and clear/cleanup any debris or pollutants
found (i.e. remove trash, leaves, sediment, and wipe up liquids, including oil spills).

m  General Design considerations for inlet protection devices include the following:

- The device should be constructed such that cleaning and disposal of trapped sediment is
made easy, while minimizing interference with discharge activities.

- Devices should be constructed so that any standing water resulting from the discharge
will not cause excessive inconvenience or flooding/damage to adjacent land or
structures.

m  The effectiveness of control devices must be monitored during the discharge period and any
necessary repairs or modifications made.

Unplanned Discharges
m  Stop the discharge as quickly as possible.
m Inspect flow path of the discharged water:

- Identify erodible areas which may need to be repaired or protected during subsequent
repairs or corrective actions
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Water & Sewer Utility Maintenance SC-76

- Identify the potential for pollutants to be washed into the waterway

m If repairs or corrective action will cause additional discharges of water, select the
appropriate procedures for erosion control, chlorine residual, turbidity, and chemical
additives. Prevent potential pollutants from entering the flow path.

Sanitary Sewer Maintenance

Applicable to municipalities who own and operated a sewage collection system. Facilities that
are covered under this program include sanitary sewer pipes and pump stations owned and
operated by a municipality. The owner of the sanitary sewer facilities is the entity responsible for
carrying out this prevention and response program.

m  Clean sewer lines on a regular basis to remove grease, grit, and other debris that may lead to
sewer backups.

m  Establish routine maintenance program. Cleaning should be conducted at an established
minimum frequency and more frequently for problem areas such as restaurants that are
identified

m  (Cleaning activities may require removal of tree roots and other identified obstructions.

m  During routine maintenance and inspection note the condition of sanitary sewer structures
and identify areas that need repair or maintenance. Items to note may include the following:

Cracked/deteriorating pipes

Leaking joints/seals at manhole

Frequent line plugs

- Line generally flows at or near capacity

Suspected infiltration or exfiltration.

m  Prioritize repairs based on the nature and severity of the problem. Immediate clearing of
blockage or repair is required where an overflow is currently occurring or for urgent
problems that may cause an imminent overflow (e.g. pump station failures, sewer line
ruptures, sewer line blockages). These repairs may be temporary until scheduled or capital
improvements can be completed.

m  Review previous sewer maintenance records to help identify “hot spots” or areas with
frequent maintenance problems and locations of potential system failure.

Spills and Overflows

m Identify and track sanitary sewer discharges. Identify dry weather infiltration and inflow
first. Wet weather overflow connections are very difficult to locate.
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SC-76 Water & Sewer Utility Maintenance

m  Locate wet weather overflows and leaking sanitary sewers using conventional source
identification techniques such as monitoring and field screening. Techniques used to
identify other illicit connection sources can also be used for sewer system evaluation surveys
(see SC74 Drainage System Operation and Maintenance).

m  Implement community awareness programs for monitoring sanitary sewer wet weather
overflows. A citizen’s hotline for reporting observed overflow conditions should be
established to supplement field screening efforts.

m  Establish lead department/agency responsible for spill response and containment. Provide
coordination within departments.

m  When a spill, leak, and/or overflow occurs and when disinfecting a sewage contaminated
area, take every effort to ensure that the sewage, disinfectant and/or sewage treated with the
disinfectant is not discharged to the storm drain system or receiving waters. Methods may
include:

- Blocking storm drain inlets and catch basins

- Containing and diverting sewage and disinfectant away from open channels and other
storm drain fixtures (using sandbags, inflatable dams, etc.)

- Removing the material with vacuum equipment
m  Record required information at the spill site.
m  Perform field tests as necessary to determine the source of the spill.
m  Develop notification procedures regarding spill reporting.
Septic Systems

m  Ensure that homeowners, installers, and inspectors are educated in proper maintenance of
septic systems. This may require coordination with staff from other departments. Outreach
to homeowners should include inspection reminders informing then that inspection and
perhaps maintenance is due for their systems. Recommend that the system be inspected
annually and pumped-out regularly.

m  Programs which seek to address failing septic systems should consider using field screening
to pinpoint areas where more detailed onsite inspection surveys are warranted.

Training
m  Conduct annual training of water utility personnel and service contractors. (field screening,
sampling, smoke/dye testing, TV inspection).

m  OSHA-required Health and Safety Training 29 CFR 1910.120 plus annual Refresher Training
(as needed).

m  OSHA Confined Space Entry training (Cal-OSHA Confined Space, Title 8 and federal OSHA
29 CFR 1910.146).
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Water & Sewer Utility Maintenance SC-76

Spill Response and Prevention

See previous section regarding spills and overflows.

Refer to SC-11, Spill Prevention, Control & Cleanup.

Have spill cleanup materials readily available and in a known location.
Cleanup spills immediately and use dry methods if possible.

Properly dispose of spill cleanup material.

Other Considerations

Enact ordinance granting “right-of-entry” to locate potentially responsible parties for sewer
overflows.

Reliance on individual onsite inspection to detect failed septic systems can be a major
limitation. The individual onsite inspection is very labor-intensive and requires access to
private property to pinpoint the exact location of the failing system.

A significant limitation to correcting failing septic systems is the lack of techniques available
for detecting individual failed septic systems.

Requirements
Costs

Departmental cooperation recommended for sharing or borrowing staff resources and
equipment from municipal wastewater department.

Infiltration, inflow, and wet weather overflows from sanitary sewers are very labor and
equipment intensive to locate.

The costs associated with detecting and correcting septic system failures are subject to a
number of factors, including availability of trained personnel, cost of materials, and the level
of follow-up required to fix the system problems.

Maintenance

Minimum 2-person teams to perform field screening and associated sampling.

Larger teams required for implementing other techniques (i.e. zinc chloride smoke testing,
fluorometric dye testing, television camera inspection and physical inspection with confined
space entry) to identify sewer system leaks.

Program coordination required for handling emergencies, record keeping, etc.

Many of the problems associated with improper use of septic systems may be attributed to
lack of user knowledge on operation and maintenance. Educational materials for
homeowners and training courses for installers and inspectors can reduce the incidence of
pollution from these widespread and commonly used pollution control devices.
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Supplemental Information
Further Detail of the BMP
Onsite Sewage Disposal Systems

New onsite sewage disposal systems should be designed, located, and installed away from open
waterbodies and sensitive resources such as wetlands and floodplains. A protective separation
between the OSDS and groundwater should also be established. OSDSs should be operated and
maintained to prevent surface water discharges and reduce pollutant loadings to groundwater.
Inspection of OSDSs should occur regularly and repairs made immediately. New or replacement
plumbing fixtures should be of the high efficiency type.

Typical Sanitary Sewer Problems

m  Old and deteriorated main and lateral pipes - Sewers range in age from 30 to 100 years with
an average age of 50 years.

m  Cracked sewer pipes - Existing sewers are mostly clay pipes which can crack as they
deteriorate with age and also by earth movement.

m  Misaligned and open pipe joints - Most of the mortar used to seal the joints between sections
of clay pipe has deteriorated.

m  Undersized sewer pipe - The existing sewer system is overloaded due to new sewer hook-
ups, underground water infiltration, and illegal roof and/or yard drain connections.

m  Defective manholes - Old manholes are made of bricks. Typical problems associated with
brick manholes are loose bricks, missing bricks, and misaligned manholes.

m  Missing and/or unrecorded sewer pipes and manholes - This problem is typical in the
easement/backline sewer. Sewer pipe locations shown on the sewer record map are different
from the actual sewer location.

m  Sewer main under houses and other improvements - Complaints of sewer main alignment
crossing the house and other improvements. A solution to this problem requires an
agreement with the property owner for a new sewer easement at a relocated line.

Causes of Sanitary Sewer Backups
m  Root infiltration - Tree roots are a major cause of backups.
m  Water inflow/infiltration - Rain water entering the sewer pipe causes overflows.

m  Solids - Typical solids that buildup in the pipe and cause backups are grease, dirt, bones,
tampons, paper towels, diapers, broken dishware, garbage, concrete, and debris.

m  Structural defects in pipes and manholes - Sags in the line, cracks, holes, protruding laterals,
misaligned pipe, offset joints are all possible causes of backups.
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Design Considerations

Sanitary sewer overflows can often be reduced or eliminated by a number of practices, in
addition to sewer system cleaning and maintenance, including the following:

m  Reducing infiltration and inflow through rehabilitation and repair of broken or leaking
sewer lines.

m  Enlarging or upgrading the capacity of sewer lines, pump stations, or sewage treatment
plants.

m  Constructing wet weather storage and treatment facilities to treat excess flows.
m  Addressing SSOs during sewer system master planning and facilities planning.
Septic Systems

Two field screening techniques that have been used with success at identifying possible locations
of failing septic systems are the brightener test and color infrared (CIR) aerial photography. The
first involves the use of specific phosphorus-based elements found in many laundry products,
often called brighteners, as an indicator of the presence of failing onsite wastewater systems.
The second technique uses color infrared (CIR) aerial photography to characterize the
performance of septic systems. This method has been found to be a quick and cost-effective
method for assessing the potential impacts of failing systems and uses variations in vegetative
growth or stress patterns over septic system field lines to identify those systems that may
potentially be malfunctioning. Then a more detailed onsite visual and physical inspection will
confirm whether the system has truly failed and the extent of the repairs needed. These
inspections may be carried out by county health departments or other authorized personnel.
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