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PRELIMINARY DRAINAGE STUDY REPORT
Imperial Valley West Solar Farm

1. Description and Project Setting

The proposed 1,130 acre Imperial Valley West Solar Farm is located on the north and
south sides of Interstate , just east of Dunaway Road in Imperial County, California.
This proposed solar farm is located 4.5 miles northwest of the Imperial Valley
Substation. It has the potential to interconnect to the Sunrise Powerlink at the CAISO
controlled substation. The project is located on disturbed land that was previously
farmed. No environmentally sensitive species have been found at the site. The project
is bounded by undeveloped BLM land on the north, south, and west and by agricultural
land and the Westside Main Canal on the east. The project location is shown in Figure
1.

Figure 1. Project Location Map (No Scale)

2. Objectives and Input Parameters

The objectives of this preliminary drainage study are to determine locations where
offsite flows enter the site, discharge locations from the site, and compare existing and
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proposed condition runoff. Preliminary level hydrograph calculations were prepared to
estimate runoff peak flow rates and volumes. Detailed calculations of how flow will be
routed through the site will be prepared to meet Imperial County criteria for the grading
plan submittal. The detailed calculations will likely be prepared using Unit Hydrograph
Method calculations, since the drainage design at the site will need to account for peak
flow rates and runoff volumes. Unit Hydrograph calculations would likely be prepared
using the SCS Method, with inputs developed from the Imperial Irrigation District (IID)
Preliminary Drainage Master Plan (Master Plan), Volume 2 of 4 (1995). The input
parameters that were used for the preliminary hydrologic calculations are listed below.

Design Storm — Unit Hydrograph calculations were prepared using the SCS Method 24-
hour storm and a 100-year return period. The Hydraflow Hydrographs Extension for
AutoCAD Civil 3D was used to prepare the calculations.

Land Uses — Existing land use for the onsite areas is grasses in poor condition.
Proposed land use will be similar, since the site will be disturbed as little as possible to
construct the solar farm. Land underneath the panels will remain pervious and the
access roads will also be pervious surfaces. The only proposed impervious areas are
the transformer pads within the solar panel blocks and the operations and maintenance
facilities. Offsite areas, managed by BLM, were assumed to be open brush in poor
condition.

Soil Type — A site-specific soils map was obtained from the NRCS Web Soil Survey.
Hydrologic Soil Groups at the site range from A to C. The soils map is attached as
Figure 8 in Appendix A.

Runoff Coefficient — In accordance with Figure C-2 from the Master Plan, Curve
Numbers were based on land use and soil type.

Precipitation — The rainfall intensity-duration-frequency curve and design precipitation
depths were obtained from NOAA Atlas 14. Data from the NOAA website, obtained for
the project site’s coordinates, are attached.

Time of Concentration — Times of concentration for the preliminary hydrograph

analyses were determined using the Kirpich Equation for the onsite and small offsite
watersheds. The Corps Lag method was used for the larger Yuha Wash Watershed.

3. Offsite Drainage

There are two locations where offsite flows from the Yuha Desert enter the project site.
These locations are breaches through the agricultural berm that defines the western
boundary of the property. The breaches are referred to as the north and south
breaches on the attached hydrology map (See Figure 3 in Appendix A). The north
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breach cannot be repaired, since offsite runoff would then pond on the land west of the
site. The south breach will be repaired, and flow will be routed south to the offsite wash
that parallels the southern border of the project.

Preliminary hydrograph calculations were prepared for the watersheds tributary to the
north and south breaches. The peak flow rates at the north and south breaches were
calculated to be 112 cfs and 116 cfs, respectively. Calculations are attached in
Appendix B.

4. Existing Drainage

Our preliminary review of the existing drainage patterns at the site indicates that offsite
and onsite storm runoff ponds in many locations, with any excess gradually flowing east
towards the Westside Main Canal. Runoff that enters the north breach flows through
an isolated non-wetland water before dissipating on the eastern fields. Runoff that
enters the south breach dissipates as sheet flow immediately after entering the site.
Runoff will sheet-flow through the site and then return to the Yuha Wash. As
mentioned above, the south breach will be repaired and the flow routed south to the
Yuha Wash, which is the existing downstream flow path. Runoff entering the north
breach will be routed in a channel to a detention basin upstream of the Dixie Drain.

Existing ditches and culverts around the perimeters of the fields also convey runoff, but
due to lack of maintenance, many of the existing drainage facilities are plugged or have
reduced capacity. A detailed site survey will be made prior to final design to determine
the layout of the drainage system and the connections between the onsite system and
the 1ID drains. Runoff that reaches the eastern edge of the parcels south of Interstate 8
will pond onsite and then ultimately drain through a 24-inch culvert to the IID Dixie
Drain, which is located east of the Westside Main Canal. The upstream inlet for the
culvert is a 60-inch diameter standpipe. Since the fields are not currently being
maintained, the tile drains and surface connections to the standpipe may well be
plugged with sediment. Tile drain locations can be seen on Figure 9 in Appendix A.
The southern portion of the site drains from west to east and discharges to the
undeveloped land south of the site.

Runoff on the north side of Interstate 8 also flows towards the eastern property edge.
The agricultural ditches and culverts capture the runoff at the field breaks and convey it
east and north. The tile drains and a portion of the site drain to a culvert that passes
under the Westside Main Canal to the Dixie Drain. Runoff from the remainder of the site
flows across the undeveloped areas north of the site to an offsite connection to the
Dixie Drain. The discharge points from the property are shown on the attached
hydrology maps. The drainage design concept for this project will attempt to replicate
the existing conditions.
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5. Floodplain Analysis

A portion of the site, south of Interstate 8, is mapped as a Zone A floodplain on FEMA
FIRM Panel 060065-1675-C for Imperial County. A Floodplain Exhibit is attached as
Figure 5 in Appendix A. The flooding source for this floodplain is the Yuha Wash.
There is an existing somewhat degraded agricultural berm that separates the wash
from the project site, but site visit evidence indicates that the berm, though not
breached, has been overtopped by flood flows. An engineered berm will be
constructed on the project-side of the existing berm to protect the site from flood flows
in the Yuha Wash.

Our preliminary study of the wash determined that the Yuha Wash watershed area is
approximately 31 square miles and the 100-year peak flow rate was calculated to be
5,250 cfs. A watershed map for the Yuha Wash is attached as Figure 4 in Appendix A.
The existing berm along the south edge of the site is an agricultural berm most likely
constructed from native soil, and probably does not have an impermeable core. A
HEC-RAS analysis was performed for the wash using 2-foot interval topography
purchased from Intermap. The topography was supplemented with recent site
topography where the two data sources overlapped. The HEC-RAS model indicated
that the 100-year flows would likely overtop the existing berm at its lowest point. A weir
calculation was prepared for the short section of the berm that would be overtopped.
This calculation indicated that the flow rate over the berm for a 100-year storm was only
71 cfs. With the relatively flat topography on the project site, this 71 cfs would
immediately spread out to a flow depth of less than 1 foot. After the engineered berm is
constructed, all of the 100-year runoff in the Yuha Wash will be routed easterly to an
existing weir constructed by IID to receive Yuha Wash flows into the Westside Main
Canal. There are no residences or structures between the project site and the canal
that will be impacted by replacing or reinforcing the berm. The HEC-RAS model
indicated no rise as a result of raising the berm along the site. The HEC-RAS results
are attached in Appendix B. A no rise certification letter will be submitted to the County.

6. Proposed Improvements

Photovoltaic solar panels will be constructed at the site. The typical layout for the
panels is in 2 megawatt blocks, as shown in Figure 2, below. Each block will also
contain the necessary inverters and transformers, which will be constructed along the
access roads that pass through the site. To minimize the project’s impact, the access
roads will have pervious gravel surfaces. The site will have a single operations and
maintenance facility (See Figure 6 in Appendix A). This facility will be located in the
northwest corner of the portion of the development that is south of Interstate 8. A
retention basin will be used to contain the runoff from the operations and maintenance
facility.
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The solar panels will be constructed on posts or beams, and the land beneath the
panels will remain pervious. The lower edge of the panels will be approximately 2 feet
above the finished ground surface elevation. The solar technology for the site has not
been determined, so details about the foundation design and panel dimensions are not
available. Regardless of the panel technology selected for the site, there will not be a
significant impact on site hydrology. Rain falling on the panels will run off at the drip-
line at the lower end of the panels. This runoff will be dispersed as it flows across the
pervious areas under the panels.
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Figure 2. Typical Solar Panel Block

7. _Hydrologic Analysis Results

The hydrologic analyses completed for this preliminary submittal included analyzing the
major drainage subareas for the solar farm and sizing the retention basin for the
operations and maintenance facility. Detailed routing calculations of the onsite and
offsite flows will be prepared, as necessary, for the grading plan submittal. For a
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tributary area of 0.7 acres, the operations and maintenance facility will need a basin
that can store the runoff volume of 7,310 ft* from a 3.0 inch storm.

When the grading plans are prepared, a retention volume of approximately 7,310 cubic
feet will be provided near the operations and maintenance facility to mitigate for the
increase in runoff volume generated by the proposed impervious surfaces. An
approximate basin size to obtain this retention volume is 65 feet square with a 2-foot
depth.

The solar farm site was divided into 3 major subareas based on common discharge
points to the Dixie Drain. The 3 major subareas are divided into 20 minor subareas
based on the field breaks. There are 9 minor subareas north of Interstate 8 and 11
minor subareas to the south. The subareas can be seen on the Proposed Condition
Hydrology Map that is attached as Figure 6 in Appendix A. The existing field slopes are
0.2% to 0.3% for many of the fields. The flat slopes across the site will be utilized to
pond water beneath the solar panels. Hydrograph calculations were prepared for the
existing and proposed conditions at the site for each of the major subareas. The 100-
year peak flow rates and volumes are compared in Table 1.

Table 1. Summary of Hydrologic Results

Exist . Prop Delta
Subarea '?;i;‘ Peak E)((;it_f\t/)m Peak Pz:s-f\t/;, I Peak D?a"ca-f\t/)m
(cfs) (cfs) (cfs)
W1 to 488 379 73.9 383 745 42 0.6
W9
W10 to
W19 537 326 78.9 329 79.5 3.5 0.6
W20 98 62 12.7 63 12.8 0.8 0.1

As can be seen in Table 1, the proposed improvements at the site will result in
insignificant increases in peak flow rates and volumes. These increases are a result of
the increase in imperviousness at the site from the transformer/inverter pads and the
operations facility. The combined impact of these facilities will raise the site
imperviousness from 0% to 0.5%. Onsite detention and retention will be used to reduce
the flow rates to replicate the existing condition. The total analyzed area of 1,123 acres
is less than the project total of 1,130 acres since the area of the Westside Main Canal
was not included in the hydrology calculations. The hydrograph calculations are
included in Appendix B.
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8. Proposed Drainage Infrastructure

The proposed solar panels will have a less than significant impact on peak flow rates
and volumes, since the water that drains off of the panels will fall onto the pervious
ground surface below the panels. The runoff from the panels will form a drip line along
the lower edge of the panels, but then be dispersed as sheet flow as it travels across
the flat topography of the site.

In the existing condition, runoff ponds throughout the site and then is drained to the 11D
drains through culverts and tile drains. There is evidence north and south of Interstate
8 of berms and field breaks being washed out by flood flows. As part of the proposed
project, these breaches will be repaired and stabilized to hold runoff at many locations
throughout the site. A second step towards replicating the existing condition is that the
culvert connections between the site and the IID drains will not be upsized. The peak
flow rates leaving the site are limited by the capacity of the existing culverts, assuming
that berms are not overtopped allowing runoff to flow directly into the Westside Main
Canal.

A third step towards replicating the existing condition is that site grading will be used to
provide designated detention basins at the two locations where the site drains through
existing culverts to the IID drains. The basin south of I-8, with an estimated capacity of
45 acre-feet, can hold the entire runoff volume of 33 acre feet from the offsite area
tributary to the north breach. The additional capacity at this location will be used to
attenuate onsite water. The basin volumes have been estimated based on the
available space outside of the proposed solar array and with a 50 foot setback from the
access road along the Westside Main Canal. The footprints and volumes of the two
basins will be revised at final design so that the existing condition runoff is replicated.

A fourth step towards replicating existing condition drainage is a conceptual shallow
storage design under some of the solar panels. The solar panels can be designed to
accommodate up to 6 inches of ponding. At a typical site slope of 0.35%, a volume of
approximately 0.4 ac-ft can be stored under each block of solar panels. For this site,
with 122 proposed blocks of panels, the total available storage is 49 ac-ft. Since the
field breaks are not being removed, this available storage is in addition to the existing
condition storage. An exhibit showing the conceptual detention design is attached as
Figure 7 in Appendix A. The purpose of the exhibit is to demonstrate that there is
sufficient storage available under the panels so that it will be possible to replicate
existing condition peak flow rates. The ultimate detention design will be determined for
the grading plan submittal. The small basins under the panels can either infiltrate,
based on the results of percolation tests, or drain through risers and tile drains to the
discharge points. This design is being proposed to minimize sediment transport out of
the site.
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Proposed drainage improvements for each of the major subareas are summarized in
Table 2. Discharge methods indicated in Table 2 are representative of both existing
and proposed conditions. There will be no significant changes to the method or
amounts of discharge at any location.

Table 2. Summary of Drainage Improvements

Subarea Area Discharge Method Recommended Drainage
(ac) Improvements
Repair and stabilize field breaks.
W1 to W3 242 | Sheet flow to north Provide under-panel storage to allow

each subarea to drain without
overtopping the field breaks.

Use under-panel storage and a
designated basin to allow site to drain
through existing culvert to the Dixie
Drain without overtopping the road and
spilling into the Westside Main Canal.

24-inch culvert to

W4 to W9 245 Dixie Drain

Route offsite runoff directly to the
detention basin. Use under-panel
storage and a designated basin to allow

24-inch culvert to site to drain through existing culvert to

W10to W19 | 537

Dixie Drain the Dixie Drain without overtopping the
road and spilling into the Westside Main
Canal.
Repair berm to prevent offsite flows from
W20 98 Sheet flow to south reaching site. Minimize grading and use

under-panel storage to replicate existing
condition storage.

The final determination on the combination of under-panel and designated detention
basins will be determined at final engineering. At that point in the design process, the
solar panel technology and access road materials will be finalized. Infiltration tests will
also be performed to determine the specific infiltration rates at the site. The
geotechnical study prepared for the project indicates that most of the site is underlain
by sandy soils that are suitable for infiltration.
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9. Discussion of CEQA ltems

CEQA guidelines include hydrology and water quality items to be addressed. The 2009
California Environmental Equality Act Statues and Guidelines lists these items in
Appendix G, sections VIII and XVI. Those items and the anticipated project impact
level, are included in Table 3. A brief justification for the findings is also included in the
table.

Table 3. CEQA Discussion ltems

Item | Would the Project: Significant
Impact?

A Violate any water quality standards or waste discharge

(Sec. | requirements?

VIII) | Site BMPs will be designed to prevent violation of water quality No

requirements. See project water quality memo.

B Substantially deplete groundwater supplies or interfere
substantially with groundwater recharge such that there would be
a net deficit in aquifer volume or a lowering of the local
groundwater table level? No
Site will only have a very minor increase in imperviousness and
will not interfere substantially with recharge. Offsite water will be
brought in for O&M. Ground water will not be pumped at the site.

C Substantially alter the existing drainage pattern of the site or area,
including through the alteration of the course of a stream or river,
in a manner which would result in substantial erosion or siltation
on- or off-site? No
Onsite drainage will be designed to replicate the existing
condition. Offsite flows will be handled in similar fashion to
existing condition.

D Substantially alter the existing drainage pattern of the site or area,
including through the alteration of the course of a stream or river,
or substantially increase the rate or amount of surface runoff in a
manner which would result in flooding on- or off-site? N
o —— — — . . 0
Site will maintain all existing condition points of discharge.
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ltem

Would the Project:

Significant
Impact?

Create or contribute runoff water which would exceed the capacity
of existing or planned stormwater drainage systems or provide
substantial additional sources of polluted runoff?

Existing condition peak flow rates will be replicated or reduced.

No

Otherwise substantially degrade water quality?

Site BMPs will be designed to prevent violation of water quality
requirements. See project water quality memo.

No

Place housing within a 100-year flood hazard area as mapped on
a federal Flood Hazard Boundary or Flood Insurance Rate Map or
other flood hazard delineation map?

Proposed project will not increase floodplain elevations and no
housing is located along the flow path between the site and the
Westside Main Canal.

No

Place within a 100-year flood hazard area structures which would
impede or redirect flood flows?

The proposed transmission towers and panel supports will not
impede flood flows

No

Expose people or structures to a significant risk of loss, injury or
death involving flooding, including flooding as a result of the
failure of a levee or dam?

Some small berms will be reinforce or replaced with engineered
berms, but none of these would expose people or structures to a
significant risk. This project does not have or include any levees
or dams.

No

Inundation by seiche, tsunami, or mudflow?

These items are not a concern at the project site.

No

(Sec.

XVI)

Require or result in the construction of new storm water drainage
facilities or expansion of existing facilities, the construction of
which could cause significant environmental effects?

No offsite facilities are required and the onsite facilities will be
constructed on previously disturbed agricultural land

No
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10. Summary of Findings

This preliminary analysis establishes that onsite and offsite runoff at the Solar West site
can be conveyed into existing drainage facilities. There is sufficient detention capacity
available on the site to allow the proposed project to replicate existing site drainage
conditions. More detailed analyses will be performed at the final engineering stage of
the project to the satisfaction of Imperial County, to demonstrate these stated
conditions once more.
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Appendix A: Figures and Exhibits
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Offsite and Existing Condition Hydrology Map
Yuha Wash Watershed Map

Floodplain Exhibit

Proposed Condition Hydrology Map
Under-panel Detention Concept

Soils Map

Constraints Map
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Proposed Condition Hydrology Map
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Appendix B: Supporting Calculations

Precipitation Data

SCS Hydrograph Calculations

HEC-RAS Analysis

Weir calculation for southern berm
Channel calculation for north breach flows
Imperial County General Requirements











































































ITA.

GENERAL

[N

All drainage design and requirements are recommended to be in accordance with the Imperial
Irrigation District (IID) “Dratt” Hydrology Manual or other recognized source with approval
by the County Engineer and based on full development of upstream tributary basins. Another
source is the Caltrans I-D-F curves for the Imperial Valley.

Public drainage facilities shall be designed to carry the ten-year six-hour storin underground,
the 25-year storm between the top of curbs provided two 12° minimum width dry lanes exist
and the 100-year frequency storm between the right of way lines with at least one 12’
minimum dry lane open to traffic. All culverts shall be designed to accommodate the flow
from a 100-year frequency storm.

Pennanent drainage facilities and right of way, including access, shall be provided from
development to point of satisfactory disposal.

Retention volume on retention or detention basins should have a total volume capacity for a
three (3) inch minimum precipitation covering the entire site with no C reduction factors.

Volume can be considered by a combination of basin size and volume considered within
parking and/or landscaping areas.

There is no guarantee that a detention basin outletting to an 11D facility or other storm drain
system will not back up should the facility be full and unable to accept the project runoff.
This provides the safety factor from flooding by ensuring each development can handle a
minimum 3-inch precipitation over the project site.

Retention basins should empty within 72 hours and no sooner than 24 hours in order to
provide mosquito abatement. Draining, evaporation or infiltration, or any combination
thereof can accomplish this. If this is not possible then the owner should be made aware of a
potential need to address mosquito abatement to the satisfaction of the Environmental Health
Services (EHS) Department. Additionally, if it is not possible to empty the basin within 72
hours, the basin should be designed for S inches, not 3 inches as mentioned in Item #4 above.
This would allow for a saturation condition of the soil due to a 5 storm track. EHS must
review and approve all retention basin designs prior to County Public Works approval.
Nuisance water must not be allowed to accumulate in retention basins. EHS may require a
nuisance water abatement plan if this occurs.

The minimum finish floor elevation shall be 12 above top of fronting street curb unless
property is below street level and/or 6 above the 100-year frequency storm event or storm
track. A local engineering practice is to use a 5° precipitation event as a storm track in the
absence of detailed flood information.

The 100-year frequency storin would be required for detention calculations.

Finish pad elevations should be indicated on the plans, which are at or above the 100-year
frequency flood elevation identified by the engineer for the parcel. Finish floor elevations
should be set at least 6 inches above the 100-year flood elevation.

The developer shall submit a drainage study and specifications for improvements of all
drainage easements, culverts, drainage structures, and drainage channels to the Department of
Public Works for approval. Unless specifically waived herein, required plans and
specifications shall provide a drainage system capable of handling and disposing of all
surface waters originating within the subdivision and all surface waters that may flow onto
the subdivision from adjacent lands. Said drainage system shall include any easements and
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structures required by the Department of Public Works or the affected Utility Agency to
properly handle the drainage on-site and off-site. The report should detail any vegetation and
trash/debris removal as well as address any standing water.

Hydrology and hydraulic calculations for determining the storm system design shall be
provided to the satisfaction of the Director, Department of Public Works. When appropriate,
water surface profiles and adequate field survey cross-section data may also be required.

. An airtight or screened oil/water separator or equivalent is required prior to pennitting onsite

12.

lot drainage from entering any street right of way or public stonu drain system for all
industrial/commercial or multi residential uses. A maximum 6 drain lateral can be used to
tie into existing adjacent street curb inlets with some exceptions. Approval from the Director
of Public Works is required.

The County is implementing a storm water quality program as required by the State Water
Resources Control Board, which may modify or add to the requirements and guidelines
presented elsewhere in this document.

This can include ongoing monitoring of water quality of storm drain runoff, implementation
of Best Management Practices (BMPs) to reduce storm water quality impacts downstream or
along adjacent properties. Attention is directed to the need to reduce any potential of vectors,
mosquitos or standing water.

A Drainage Report is required for all developments in the County. It shall include a project
description, project setting including discussions of existing and proposed conditions, any
drainage issues related to the site, summary of the findings or conclusions, offsite hydrology,
onsite hydrology, hydraulic calculations and a hydrology map.

13. Specific to small Parcel Map developments:

A.

For individual lots, sufficient storage volume must be available on a portion of the
proposed parcel to accommodate a three (3) inch precipitation minimum covering the
entire area. The resulting storage volume should be accommodated in a single retention
basin. However, this office will consider a combination of retention basins and on-lot
storage.

Remaining portions of the parcel or agricultural parcels that are not being developed
should also provide for onsite retention or assurances that the resulting storm runoff does
not impact adjacent parcels.

Finish pad elevations should be indicated on the plans, which are at or above the 100-year
frequency flood elevation identified by the engineer for the parcel. Finish floor
elevations should be set at least 6 inches above the 100-year flood elevation.

Onsite driveways should be designed and constructed such that they are at least 3 inches
above the 100-year frequency flood elevation identified for the parcel.

Septic system manhole access, water systems and other associated -electrical
appurtenances should also have finish elevations indicated on the plans that are at least 6™
above the 100 year frequency flood elevation identified for the parcel.

Retention basins should empty within 72 hours in order to provide mosquito abatement.
This can be accomplished by either draining, evaporation or infiltration, or any
combination thereof. If this is not possible, then the owner should be made aware of a
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potential need to address mosquito abatement to the satisfaction of the Environmental
Health Services Department. Additionally, if it is not possible to empty the basin within
72 hours, the basin should be designed for 5 inches, not 3 inches as mentioned in Item #A
above. This would allow for a saturation condition of the soil duetoa §' storin track.

Detention Basin Design and Maintenance Guideline Note:

The Imperial County Division of Environmental Health Services Vector Control Program is responsible
for vector and mosquito control through a variety of means. Poorly designed and ill-maintained detention
basins are capable of breeding large numbers of vectors or mosquitoes and offer excellent harborage for
adult mosquitoes from other sources. Because detention basins are often situated in residential
neighborhoods and other populated areas, they present a significant health risk and pose a challenging
pesticide application situation. The California Health and Safety Codes provide for public nuisance
abatement and prevention. EHS has guidelines available and they will review all storm retention basin
systems prior to Public Works approval.

111 B. HYDROLOGY

1. Off-site, use a blue line or Xerox prints of the subdivision or tract map. Show existing
culverts, cross-gutters and drainage courses based on field review. Indicate the direction of
flow; clearly delineate each drainage basin showing the area and discharge and the point of
concentration.

[R9]

On-site, use the grading plan. If grading is not proposed, then use a 100-scale plan or greater
enlargement. Show all proposed and existing drainage facilities and drainage courses.
Indicate the direction of flow. Clearly delineate each drainage basin showing the area and
discharge and the point of concentration.

3. Use the rational formula Q (flow (cfs)=C | A (area/acreage) for watersheds less than 0.5
square mile unless an alternate method is approved by the County Engineer. For watersheds
in excess of 0.5 square mile, the method of analysis shall be approved by the County
Engineer prior to submitting calculations.

11C. HYDRAULICS

All facilities that convey drainage must have calculations to support its use. These facilities include
streets, culverts, storin drains, channels, catch basins, inlets, etc.

1. Street — provide:

a) Depth of gutter flow calculation.

b) Inlet calculations.

¢} Show gutter flow Q, inlet Q, and bypass Q on a plan of the street.
2. Stonn drain pipes and open channels — provide:

a) Hydraulic loss calculations for: entrance, friction, access holes, junctions, bends, angles,
reduction and enlargement.

b) Analyze existing conditions upstream and downstream frem proposed system, to be
determined by the County Engineer on a case-by-case basis.
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c) Calculate critical depth and normal depth for open channel flow conditions.

d) Design for non-silting velocity of 4 feet per second in a two-year frequency stonm unless
otherwise approved by the County Engineer.

e) All pipes and outlets shall show HGL (hydraulic grade line); velocity and Q value(s) for
which the storm drain is designed to discharge.

fy Confluence angles shall be maintained between 45° and 90° from the main upstream
flow. Flows shall not oppose main line flows.

1N D. INLETS

1. Curb inlets at a sump condition should be designed for two CFS (cubic feet per second) per
lineal foot of opening when headwater may rise to the top of curb.

2. Curbinlets on a continuous grade should be designed based on the following eguation:
Q=0.7 L (aty) * 3/2

Where: y = depth of flow 1n approach gutter in feet
a = depth of depression of flow line at inlet in feet
L = length of clear opening in feet (maximum 30 feet)
Q = flowin CFS

3, QGrated inlets should be avoided when possible. When necessary, the design should be based
on the Bureau of Public Roads Nomographs (now known as the Federal Highway

Administration). All grated inlets shall be bicycle proof.

4. All catch basins shall have an access main, a minimum of 24 inches in diameter in the top
unless access through the grate section is satisfactory to the County Engineer.

5. Catch basins/curb inlets shall be located so as to eliminate, whenever possible, cross gutters.
Catch basins/curb inlets shall not be located within 5 feet of any curb return or driveway.

6. Minimum connector pipes for pubic drainage systems shall be 18 inches.

7. Flow through inlets may be used when pipe size is 24 inches or less and open channel flow
characteristics exist.

ITE. STORM DRAINS

1. Minimum pipe slopes shall be 0.001 (0.1%) unless otherwise approved by the County
Engineer.

2. Minimum stonn drain, within public right of way, size shall be 18-inch diameter.

3. Provide cleanouts at 300 feet maximum spacing and at angle points and at breaks in grade
greater than 10°. For pipes 48 inches in diameter and larger, a maximum spacing of 500 feet
may be used.

4. The material for storm drains in right-of-way shall be rubber gasket reinforced concrete pipe,
poly vinyl chloride pipe or HDPE storm drainpipe designed in conforinance with Imperial
County design criteria.
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ITF.

0.

10.

I1.

Horizontal and wvertical curve design shall conform to manufacturer recommended
specifications.

The pipe invert elevations, slope, and pipe profile line shall be delineated on the Mylar of the
improvement plans.

The strength classification of any pipe shall be shown on the plans. Minimum strength for
RCP shall be Class III in all County streets or future right of way. Minimum strength for
depths less than 2 feet, if allowed, shall be Class V or greater.

PVC pipe, if used, must meet or exceed standards for schedule 40-wall thickness and SDR
values. Thirty (3@) inches minimum cover depth is required. (See Section Il J.)

For all drainage designs that are not covered in these standards, other established standard
practice criteria can be used as approved by the Director of Public Works.

For storm drain discharging into unprotected or natural channel, proper energy dissipation
measures shall be installed to prevent damage or erosion.

The use of detention basins to even out storm peaks and reduce piping is permitted with
substantiating engineering calculations and proper maintenance agreements.

Desiltation measures for silt caused by development shall be provided and cleaned regularly
and after major rainfall events as required by the County Engineer or his designated
representative. Adequate storage capacity shall be maintained at all times.

Protection of downstream or adjacent properties from incremental flows (caused by change
from an underdeveloped to a developed site) shall be provided. Such flows shall not be
concentrated and directed across unprotected adjacent properties unless an easement and
storin drains or channels to contain flows are provided.

. Stonn drainpipe under pressure flow for the design stonn, i.e., HGL above the soffit of the

pipe, shall meet the requirements of ASTM C76, C361, and C443 for water-light joints in the
section of pipe calculated to be under pressure.

DRAINAGE SPECIFICATIONS AND DESIGN STANDARDS

“To be Added”
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Imperial Valley West Solar Farm

1.0 INTRODUCTION

The purpose of this Water Quality Report is to address water quality impacts from the proposed
Imperial Valley West Solar Farm project. Site design, source control, and treatment control Best
Management Practices (BMPs) will be utilized to provide long term solutions to protect storm water
quality. This report is subject to revisions as needed to accommodate changes to the project design,
or as required by the County and/or Engineer.

11 Project Location

The project site is located in Imperial County east of the intersection of Dunaway Road and
California Interstate 8. Figure 1.1 (below) illustrates the project location.

Figure 1.1 Vicinity Map (No Scale)

1.2 Project Description

This project will construct a photovoltaic Solar Energy Farm and will utilize the area bifurcated by
California Interstate 8 as shown. Existing runoff, both north and south of I8, flows generally west
to east and the majority of the existing drainage patterns will be unchanged. Details can be found in
the drainage report titled “Preliminary CEQA Level Drainage Study for Imperial Valley West Solar
Farm” dated 4 October 2010 prepared by Tory R. Walker Engineering, Inc.

1.3  Project Size

The project area is approximately 1,130 acres.
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Imperial Valley West Solar Farm

1.4  Impervious and Pervious Surface areas

The existing project area is currently abandoned agricultural fields, approximately 0% impervious,
and will increase just 2 percent to 0.5% impervious with the proposed construction. The project
includes approximately 132 concrete slab pads for the inverter units, a 5,000 ft* operations and
maintenance building with associated parking lot of approximately 6,850 ft*, a 5,000 ft* water
treatment building, and solar panels supported on posts (making a negligible impervious footprint).
The project will utilize a gravel surface for the service roads.

2.0 PROJECT SITE ASSESSMENT

This section includes information used to consider the potential water quality and hydrologic
impacts from the proposed project. This information is important when considering the
appropriate BMPs to reduce identified potential impacts as well as designing source control and
treatment control measures to reduce those impacts.

2.1 Land Use and Zoning

Historic Lland Use is cropland.

2.2 Existing Topography

The project site area is generally flat, sloping gently from west to east, with elevations ranging from
11 feet above sea level to 31 feet below sea level.

2.3  Existing and Proposed Drainage

The existing site, both north and south of I8, has a watercourse generally running from west to east.
The majority of the existing drainage patterns will be untouched by the construction of the project.
Runoff in the proposed condition will sheet flow across the site as in the existing condition and be
collected by ditches and culverts and routed to the Imperial Irrigation District (IID) drain system.
There is an existing onsite system comprised of perforated tile drains that may convey flows to the
IID drain system. Detention will be provided on the site so that the proposed drainage replicates
the existing condition. The project south of I8 will drain into the Dixie Drain #4 and the project
north of I8 will drain into a different location of Dixie Drain #4. Details can be found in the
drainage report titled “Preliminary CEQA Level Drainage Study for Imperial Valley West Solar
Farm” dated 4 October 2010 prepared by Tory R. Walker Engineering, Inc.

2.4  Watershed, Receiving Waters, and Beneficial Uses

The proposed project is located within the Imperial Hydrologic Unit, Brawley Hydrologic Area, and
an undefined Hydrologic Sub-area (Basin Number 723.10). The surface and groundwater receiving
waters located in the area and downstream of this project include the Dixie Drain (#4), the Salt
Creek Slough, the New River, and the Salton Sea.

From Table 2-3 of the Water Quality Control Plan for the Colorado River Basin Region the
Beneficial Uses of the Dixie Drain (#4) and the Salt Creek Slough (both considered part of the 11D
drains), the New River, and the Salton Sea are as follows.
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Imperial Valley West Solar Farm

Table 1
Hydrologic O T o - <
Ground Waters Unit Basin % g o g c; é % Lm) g »—O-l é 8 @ ~ é 8
Number = | 2| 4| E|O|E|2| x| 2| B|E|O|= é 5| =
Imperial Valley 723.10 X X | X X X | X
Drains
New River 723.10 X X X | X X X | X
Salton Sea 728.00 X X | X X X | X X

2.5  303(d) Listed Receiving Waters

The impaired waterbodies listed on the 303(d) list for this Hydrologic Area (728) are the Imperial
Valley Drains, the New River, and the Salton Sea. This project does not flow to a drain included on
the 303(d) listing of Imperial Valley Drains so no drain listings are provided in this section. The
New River is listed for 1,2,4-Trimethylbenzene, Chlordane, Chloroform, Chlorpyrifos, Copper,
DDT, Diazinon, Dieldtin, Mercury, meta-par xlyenes, Nutrients, Organic Enrichment/Low
Dissolved Oxygen, o-Xylenes, PCBs, p-Cymene, p-Dichlorobenzene/ DCB, Pesticides, Selenium,
Toluene, Toxaphene, Toxicity, and Trash. The Salton Sea is listed for Nutrients, Salinity, and
Selenium.

The project is approximately: 200 yards to the Dixie Drain (#4), 2 miles to the Salt Creek Slough, 8
miles to the New River, and 40 miles to the Salton Sea.

2.6  Total Maximum Daily Loads (TMDLs)

Table 2
Hydrologic Distance
Unit Basin From Project
Receiving Water Number TMDL (miles)
Imperial Valley ) ) oL N
Drain (Dixie Drain #4) 723.10 Sedimentation./Siltation 200 yards
Pathogens
New River 723.10 Sedimentation./Siltation ~ 8
Trash

2.7  Soil Type(s) and Conditions

Soil types are classified as hydrologic soil groups A through C. Existing vegetation includes sparse
stands of Tamarisk along several of the existing farm roads and native desert species downstream of
the north breach. The majority of the remainder is sparsely covered with grasses and shrubs.
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3.0 POLLUTANTS OF CONCERN

This section identifies pollutants of concern.

3.1 Project Categories and Features

The project includes concrete slab pads for the inverter units, an operations and maintenance
building with associated parking lot and a water treatment building, and solar panels supported on
posts (making a negligible impervious footprint). The project will utilize pervious gravel surfaces for
the service roads. Project will include a septic system for sanitary sewage disposal.

3.2 Pollutants of Concern

Downstream waters are listed for the following pollutants of concern which are also potential
pollutants from this project:

3.2 (a) — Sediments

Soils or other surface materials eroded and then transported or deposited by the action of wind,
water, ice, or gravity. Sediments can increase turbidity, clog fish gills, reduce spawning habitat,
smother bottom dwelling organisms, and suppress aquatic vegetative growth.

3.2 (b) — Heavy Metals

Metals are raw material components in non-metal products such as fuels, adhesives, paints, and
other coatings. Primary sources of metal pollution in storm water are typically commercially
available metals and metal products. Metals of concern include cadmium, chromium, copper, lead,
mercury, and zinc. Lead and chromium have been used as corrosion inhibitors in primer coatings
and cooling tower systems. Metals occur naturally at low concentrations in soil, and are not toxic at
these concentrations. However, at higher concentrations, certain metals can be toxic to aquatic life.
Humans can be impacted from contaminated groundwater resources and bioaccumulation of metals
in fish and shellfish. Environmental concerns, regarding the potential for release of metals to the
environment, have already led to restricted metal usage in certain applications.

3.2 (c) — Trash & Debris

Examples include paper, plastic, leaves, grass cuttings, and food waste, which may have a significant
impact on the recreational value of a water body and aquatic habitat. Excess organic matter can
create a high biochemical oxygen demand in a stream and thereby lower its water quality. In areas
where stagnant water is present, the presence of excess organic matter can promote septic
conditions resulting in the growth of undesirable organisms and the release of odorous and
hazardous compounds such as hydrogen sulfide.

3.2 (d)—- Oil & Grease

Characterized as high high-molecular weight organic compounds. Primary sources of oil and grease
are petroleum hydrocarbon products, motor products from leaking vehicles, oils, waxes, and high-
molecular weight fatty acids. Elevated oil and grease content can decrease the aesthetic value of the
water body, as well as the water quality.
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3. 2 (e)— Pesticides

Chemical compounds commonly used to control nuisance growth or prevalence of organisms and
includes herbicides. Excessive application of a pesticide may result in runoff containing toxic levels
of its active component.

3.3 Project Water Quality Analyses

Tributary flows from over 1,130 acres will be attenuated onsite, replicating the pre-project condition.
Runoff will be detained in under-panel and designated detention basins.

4.0 BEST MANAGEMENT PRACTICES (BMPs)

Site Design, Source Control, and Treatment Control BMPs will be utilized and are described in the
following sections.
4.1 Site Design Strategies and BMPs

Conceptually, there are three strategies for managing runoff from buildings and paving:
1. Optimize the site layout;
2. Use pervious surfaces;
3. Disperse runoff.

This section describes how Site Design strategies have been implemented in the proposed
project design.

4.11 Optimize the Site Layout

The very nature of the proposed land use optimizes the site layout, thus limiting the development
envelope. The majority of the existing drainage will be untouched by the construction.

4.1.2 Use Pervious Surfaces

Service roads will use a pervious gravel surface.

4.1.3 Disperse Runoff

The pervious surfaces will drain to detention areas within the project site.

4.2 Source Control BMPs

It is possible that the following pollutants could be generated at this site: Sediment, Heavy Metals,
Trash & Debris, Oil & Grease, and Pesticides.

Based on these anticipated pollutants and operational activities at the site the Source Control BMPs
to be installed and/or implemented onsite are summarized below:

® Trash storage

® Integrated Pest Management

® Efficient irrigation and landscape design

® Property owner educational materials regarding source control management
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4.3 Treatment Control BMPs

Structural Treatment (treatment control) BMPs are engineered, designed, and constructed to remove
pollutants from urban runoff by simple gravity settling of particulate pollutants, filtration, biological
uptake, media absorption, or any other physical, biological, or chemical process.

This section discusses the basis for selection and details of the proposed structural treatment BMPs
being utilized on this project, as well as methodology used to determine the peak rate of runoff to be
treated. Also discussed are targeted pollutants and pollutant removal efficiency information.

The Preliminary CEQA Level Drainage Study for Imperial Valley West Solar Farm” dated 4
October 2010 prepared by Tory R. Walker Engineering, Inc. is the basis for design of the structural
treatment BMPs. The SCS Method was used to determine the flows for the existing and proposed
conditions. Rainfall data was determined from the NOAA 14 Atlas.

The structural treatment BMPs and drainage facilities can be seen on Figure 2, Site Map (BMP
Location Map) located in Attachment 2. Extended Detention Basins were included for both the
north and south property areas and the Operations and Maintenance Facility. Under-panel
detention is utilized both north and south of 18.

Typical pollutant removal efficiencies of treatment control BMPs are shown in Table 3 below. The
column entitled, “Detention Basins” is shaded to reflect the treatment BMP proposed for the site.

Table 3
P‘gggggfn"f Treatment Control BMP Categories
Detention | Infiltration | WetPonds | Drainage | Filtration® | Hydrodynamic
Biofilters Basins Basins®® or Wetlands Inserts Separator
Systems®

Sediment M H H H L H M-H
Nutrients L M M M L M-H L-M
Heavy Metals M M M H L H L-M
Organic
Compounds u u U U L M-H L-M
Trash & Debris L H U U M H M-H
Oxygen
Demanding L M M M L M-H L
Substances
Bacteria u U H U L M L
Oil & Grease M M U U L H L-H
Pesticides U U U U L L-H L

(1) Copermittees are encouraged to periodically assess the performance characteristics of many of these BMPs to
update this table.

(2) Including trenches and porous pavement.

(3) Also known as hydrodynamic devices.

(4) For Proprietary Structural BMPs, not all serve the same function or have the same efficiency.

L (Low): Low removal efficiency (roughly 0-25%)

M (Medium): Medium removal efficiency (roughly 25-75%)

H (High): High removal efficiency (roughly 75-100%)

u: Unknown removal efficiency, applicant must provide evidence supporting use

Sources: Guidance Specifying Management Measures for Sources of Nonpoint Pollution in Coastal Waters (1993),
National Stormwater Best Management Practices Database (2001), and Guide for BMP Selection in Urban
Developed Areas (2001).
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4.3.1 Detention Basins

Detention basins are passive systems whose outlets have been designed to detain the stormwater
runoff from a water quality design storm for some minimum time to allow particles and associated
pollutants to settle. They can also be used to provide flood control by including additional flood
detention storage. They have high removal effectiveness for trash and medium effectiveness for
Sediment, nutrients, metals, bacteria, oil and grease, and organics. This project is anticipated to
generate sediment similar to the pre-developed condition. It has the potential to generate trash.

5.0 PROJECT PLAN(S) & BMP LOCATION MAP
BMP Location Map is provided in Attachment 2.

6.0 BMP MAINTENANCE

Proper maintenance is required to insure optimum performance of the Detention Basins.
Maintenance will be the responsibility of the owner throughout the life of the project. Owner will
also instruct any future owner of the maintenance responsibility. The operational and maintenance
needs of the proposed detention basins and under-panel detention basins include:

® Periodic sediment removal.

® Monitoring of the basin to ensure it is completely and properly drained.
®  Outlet structure cleaning.

® Vegetation management.

® Removal of weeds, tree pruning, leaves, litter, and debris.

® Vegetative stabilization of eroding banks.

Inspection Frequency

The facility will be inspected and inspection visits will be completely documented:
®  Once during the rainy season and once between each rainy season at a minimum.
® After every large storm (after every storm monitored or those storms with more than 0.50 inch

of precipitation).
Aesthetic and Functional Maintenance

Functional maintenance is important for performance and safety reasons. Aesthetic maintenance is
important for public acceptance of storm water facilities.

Aesthetic Maintenance

The following activities will be included in the aesthetic maintenance program:
® Weed Control. Weeds will be removed through mechanical means.

Functional Maintenance

Functional maintenance has two components:
® Preventive maintenance.

o (Cotrrective maintenance.
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Preventive Maintenance

Preventive maintenance will be done on a regular basis. Preventive maintenance activities to be
instituted at a basin are:

® Trash and Debris. During each inspection and maintenance visit to the site, debris and trash
removal will be conducted to reduce the potential for inlet and outlet structures and other
components from becoming clogged and inoperable during storm events.

® Sediment Management. Alluvial deposits at the inlet structures may create zones of ponded
water. Upon these occurrences these deposits will be graded within the basin in an effort to
maintain the functionality of the BMP. Sediment grading will be accomplished by manually
raking the deposits.

® Sediment Removal. Surface sediments will be removed when sediment accumulation is
greater than 18-inches, or 10 percent of the basin volume, whichever is less. Vegetation
removed with any surface sediment excavation activities will be replaced through reseeding.

® Mechanical Components. Regularly scheduled maintenance will be performed on valves,
fence gates, locks, and access hatches in accordance with the manufacturers’
recommendations. Mechanical components will be operated during each maintenance
inspection to assure continued performance.

e Flimination of Mosquito Breeding Habitats. The most effective mosquito control program is

one that eliminates potential breeding habitats.

Corrective Maintenance

Corrective maintenance is required on an emergency or non-routine basis to correct problems and
to restore the intended operation and safe function of a basin. Corrective maintenance activities
include:

Removal of Debris and Sediment. Sediment, debris, and trash, which threaten the ability of a
basin to store or convey water, will be removed immediately and propetly disposed of.

Structural Repairs. Repairs to any structural component of a basin will be made promptly (e.g.,
within 10 working days). Designers and contractors will conduct repairs where structural damage
has occurred.

Embankment and Slope Repairs. Damage to the embankments and slopes will be repaired
quickly (e.g., within 10 working days).

Erosion Repair. Where a reseeding program has been ineffective, or where other factors have
created erosive conditions (i.e., pedestrian traffic, concentrated flow, etc.), corrective steps will
be taken to prevent loss of soil and any subsequent danger to the performance of a basin. There
are a number of corrective actions than can be taken. These include erosion control blankets,
riprap, sodding, or reduced flow through the area. Design engineers will be consulted to address
erosion problems if the solution is not evident.

Fence Repair. Timely repair of fences (e.g., within 10 working days) will be done to maintain the
security of the site.

Elimination of Trees and Woody Vegetation. Woody vegetation will be removed from
embankments.

Elimination of Animal Burrows. Animal burrows will be filled and steps taken to remove the
animals if burrowing problems continue to occur (filling and compacting). If the problem
persists, vector control specialists will be consulted regarding removal steps. This consulting is
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necessary as the threat of rabies in some areas may necessitate the animals being destroyed rather
than relocated.

® General Facility Maintenance. In addition to the above elements of corrective maintenance,
general corrective maintenance will address the overall facility and its associated components. If
corrective maintenance is being done to one component, other components will be inspected to
see if maintenance is needed.

Maintenance Frequency

Maintenance indicators, described above, will determine the schedule of maintenance activities to be
implemented at the basin. These basins should not require a rigorous maintenance schedule, once
the landscaping is established. The inspection frequency and regular preventative maintenance will
indicate when corrective maintenance is necessary.

The detention basins must be inspected at least once during the rainy season and at least once
between each rainy season. These basins must be maintained so that they continue to function as
designed. All inspections and maintenance activities will be documented for submittal to the County
of Imperial and the Regional Water Quality Control Board if requested.
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TC-22 Extended Detention Basin

relationships resulting from the increase of impervious cover in a watershed.

Limitations

s Limitation of the diameter of the orifice may not allow use of extended detention in
watersheds of less than 5 acres (would require an orifice with a diameter of less than 0.5
inches that would be prone to clogging).

s Dryextended detention ponds have only moderate pollutant removal when compared to
some other structural stormwater practices, and they are relatively ineffective at removing
soluble pollutants.

= Although wet ponds can increase property values, dry ponds can actually detract from the
value of a home due to the adverse aesthetics of dry, bare areas and inlet and outlet
structures.

Design and Sizing Guidelines

s Capture volume determined by local requirements or sized to treat 85% of the annual runoff
volume.

m Outlet designed to discharge the capture volume over a period of hours.
m  Length to width ratio of at least 1.5:1 where feasible.
s Basin depths optimally range from 2 to 5 feet.

s Include energy dissipation in the inlet design to reduce resuspension of accumulated
sediment.

» A maintenance ramp and perimeter access should be included in the design to facilitate
access to the basin for maintenance activities and for vector surveillance and control.

s Use a draw down time of 48 hours in most areas of California. Draw down times in excess of
48 hours may result in vector breeding, and should be used only after coordination with
local vector control authorities. Draw down times of less than 48 hours should be limited to
BMP drainage areas with coarse soils that readily settle and to watersheds where warming
may be determined to downstream fisheries.

Construction/Inspection Considerations

» Inspect facility after first large to storm to determine whether the desired residence time has
been achieved.

»  When constructed with small tributary area, orifice sizing is critical and inspection should
verify that flow through additional openings such as bolt holes does not occur.

Performance

One objective of stormwater management practices can be to reduce the flood hazard associated
with large storm events by reducing the peak flow associated with these storms. Dry extended
detention basins can easily be designed for flood control, and this is actually the primary
purpose of most detention ponds.
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Dry extended detention basins provide moderate pollutant removal, provided that the
recommended design features are incorporated. Although they can be effective at removing
some pollutants through settling, they are less effective at removing soluble pollutants because
of the absence of a permanent pool. Several studies are available on the effectiveness of dry
extended detention ponds including one recently concluded by Caltrans (2002).

The load reduction is greater than the concentration reduction because of the substantial
infiltrationthat occurs. Although the infiltration of stormwater is clearly beneficial to surface
receiving waters, there is the potential for groundwater contamination. Previous research on the
effects of incidental infiltration on groundwater quality indicated that the risk of contamination
is minimal.

There were substantial differences in the amount of infiltration that were observed in the
earthen basins during the Caltrans study. On average, approximately 40 percent of the runoff
entering the unlined basins infiltrated and was not discharged. The percentage ranged from a
high of about 60 percent to a low of only about 8 percent for the different facilities. Climatic
conditions and local water table elevation are likely the principal causes of this difference. The
least infiltration occurred at a site located on the coast where humidity is higher and the basin
invert is within a few meters of sea level. Conversely, the most infiltration occurred at a facility
located well inland in Los Angeles County where the dimate is much warmer and the humidity
is less, resulting in lower soil moisture content in the basin floor at the beginning of storms.

Vegetated detention basins appear to have greater pollutant removal than concrete basins. In
the Caltrans study, the concrete basin exported sediment and associated pollutants during a
number of storms. Export was not as common in the earthen basins, where the vegetation
appeared to help stabilize the retained sediment.

Siting Criteria

Dry extended detention ponds are among the most widely applicable stormwater management
practices and are especially useful in retrofit situations where their low hydraulic head
requirements allow them to be sited within the constraints of the existing storm drain system. In
addition, many communities have detention basins designed for flood control. It is possible to
modify these facilities to incorporate features that provide water quality treatment and /or
channel protection. Although dry extended detention ponds can be applied rather broadly,
designers need to ensure that they are feasible at the site in question. This section provides
basic guidelines for siting dry extended detention ponds.

In general, dry extended detention ponds should be used on sites with a minimum area of 5
acres. With this size catchment area, the orifice size can be on the order of 0.5 inches. On
smaller sites, it can be challenging to provide channel or water quality control because the
orifice diameter at the outlet needed to control relatively small storms becomes very small and
thus prone to clogging. In addition, it is generally more cost-effective to control larger drainage
areas due to the economies of scale.

Extended detention basins can be used with almost all soils and geology, with minor design
adjustments for regions of rapidly percolating soils such as sand. In these areas, extended
detention ponds may need an impermeable liner to prevent ground water contamination.
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The base of the extended detention facility should not intersect the water table. A permanently
wet bottom may become a mosquito breeding ground. Research in Southwest Florida (Santana
et al,, 1994) demonstrated that intermittently flooded systems, such as dry extended detention
ponds, produce more mosquitoes than other pond systems, particularly when the facilities
remained wet for more than 3 days following heavy rainfall.

A study i Prince George's County, Maryland, found that stormwater management practices can
increase stream temperatures (Galli, 1990). Overall, dry extended detention ponds increased
temperature by about 5°F. In cold water streams, dry ponds should be designed to detain
stormwater for a relatively short time (i.e., 24 hours) to minimize the amount of warming that
occurs in the basin.

Additional Design Guidelines

In order to enhance the effectiveness of extended detention basins, the dimensions of the basin
must be sized appropriately. Merely providing the required storage volume will not ensure
maximum constituent removal. By effectively configuring the basin, the designer will create a
long flow path, promote the establishment of low velocities, and avoid having stagnant areas of
thebasin. To promote settling and to attain an appealing environment, the design of the basin
should consider the length to width ratio, cross-sectional areas, basin slopes and pond
configuration, and aesthetics (Young et al., 1996).

Energy dissipation structures should be included for the basin inlet to prevent resuspension of
accumulated sediment. The use of stilling basins for this purpose should be avoided because the
standing water provides a breeding area for mosquitoes.

Extended detention facilities should be sized to completely capture the water quality volume. A
micropool is often recommended for inclusion in the design and one is shown in the schematic
diagram. These small permanent pools greatly increase the potential for mosquito breeding and
complicate maintenance activities; consequently, they are not recommended for use in
California.

Alarge aspectratio may improve the performance of detention basins; consequently, the outlets
should be placed to maximize the flowpath through the facility. The ratio of flowpath length to
width from the inlet to the outlet

should be at least 1.5:1 (L:W)

where feasible. Basin depths -
optimally range from 2 to 5 feet.

The facility's drawdown time
should be regulated by an orifice
or weir. In general, the outflow
structure should have a trash
rack or other acceptable means
of preventing clogging at the
entrance to the outflow pipes.
The outlet design implemented
by Caltrans in the facilities
constructed in San Diego County

used an outlet riser with orifices Figure 1

Example of Extended Detention Outlet Structure
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sized to discharge the water quality volume, and the riser overflow height was set to the design
storm elevation. A stainless steel screen was placed around the outlet riser to ensure that the
orifices would not become clogged with debris. Sites either used a separate riser or broad crested
weir for overflow of runoff for the 25 and greater year storms. A picture of a typical outlet is
presented in Figure 1.

The outflow structure should be sized to allow for complete drawdown of the water quality
volume in 72 hours. No more than 50% of the water quality volume should drain from the
facility within the first 24 hours. The outflow structure can be fitted with a valve so that
discharge from the basin can be halted in case of an accidental spill in the watershed.

Summary of Design Recommendations

(1)

(2)

(3)

(4)

(5)

Facility Sizing - The required water quality volume is determined by local regulations
or the basin should be sized to capture and treat 85% of the annual runoff volume.
See Section 5.5.1 of the handbook for a discussion of volume-based design.

Basin Configuration — A high aspect ratio may improve the performance of detention
basins; consequently, the outlets should be placed to maximize the flowpath through
the facility. The ratio of flowpath length to width from the inlet to the outlet should
be at least 1.5:1 (L:W). The flowpath length is defined as the distance from the inlet
to the outlet as measured at the surface. The width is defined as the mean width of
the basin. Basin depths optimally range from 2 to 5 feet. The basin may include a
sedimentforebay to provide the opportunity for larger paruicles to settle out.

A micropool should not be incorporated in the design because of vector concerns. For
online facilities, the principal and emergency spillways must be sized to provide 1.0
foot of freeboard during the 25-year event and to safely pass the flow from 100-year
storm.

Pond Side Slopes - Side slopes of the pond should be 3:1 (H:V) or flatter for grass
stabilized slopes. Slopes steeper than 3:1 (H:V) must be stabilized with an
appropriate slope stabilization pracuice.

Basin Lining ~ Basins must be constructed to prevent possible contamination of
groundwater below the facility.

Basin Inlet — Energy dissipation is required at the basin inlet to reduce resuspension
of accumulated sediment and to reduce the tendency for short-circuiting.

Outflow Structure - The facility’s drawdown time should be regulated by a gate valve
or orifice plate. In general, the outflow structure should have a trash rack or other
acceptable means of preventing clogging at the entrance to the outflow pipes.

The outflow structure should be sized to allow for complete drawdown of the water
quality volume in 72 hours. No more than 50% of the water quality volume should
drain from the facility within the first 24 hours. The outflow structure should be
fitted with a valve so that discharge from the basin can be halted in case of an
accidental spill in the watershed. This same valve also can be used to regulate the
rate of discharge from the basin.
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perceived value of homes adjacent to a dry pond by between 3 and 10 percent (Emmerling-
Dinovo, 1995).

Maintenance Cost

For ponds, the annual cost of routine maintenance is typically estimated at about 3 to 5 percent
of the construction cost (EP A website). Alternatively, a community can estimate the cost of the
maintenance activities outlined in the maintenance section. Table 1 presents the maintenance
costs estimated by Caltrans based on their experience with five basins located in southern
California. Again, it should be emphasized that the vast majority of hours are related to
vegetation management (mowing).

Table 1 Estimated Average Annual Maintenance Effort

Activity Labor Hours %’:tlg::la?&';‘ Cost
Inspections 4 7 183
Maintenance 49 126 2282
Vector Control o o o
Administration 3 o 132
Materials = 535 535
Total 56 $668 $3,132
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