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1 INTRODUCTION

11 PROJECT OVERVIEW

This Preliminary Drainage Report (Report) was prepared by WSP on behalf of Jupiter Power LLC (Jupiter) to address
pre- and post-development drainage conditions for the Blackberry Grove Battery Energy Storage System Project
(Blackberry Grove BESS or Project). The Project consists of a new BESS facility on approximately 9.5 acres of
privately-owned land in Washington County, Oregon (Figure 1.1).

This Report presents a conceptual drainage plan in support of Blackberry Grove BESS pad elevations and storm
water management facilities.

1.2 PROJECT DESCRIPTION

The proposed Blackberry Grove BESS will have a capacity of 100 megawatts (MW). The site is located within
portions of Township 1 North (T1N), Range 2 West (R2W), Section 14 (Assessor’s Parcel Numbers 1N214A004300
and 1N214A004400). The site borders Northwest Bendemeer Road to the west, Northwest West Union road to
the south, and Northwest Old Pass Road to the southeast. The PGE West Union substation is located just south of
Northwest West Union Road. Major project equipment includes:

*  BESS enclosures and controller
* Fire protection system

e Power conversion system

e Project substation

e Internal site access pathways

e Security fencing

This Project will construct the battery units, substation, new gravel interior access pathways, culverts and
detention basins. BESS pads will be surfaced with an aggregate base and elevated above the 100-year flood
elevation. Detention basins will be designed to store the 25-year storm runoff volume and ensure that 25-year
post-development peak runoff rates do not exceed 25-year pre-development rates. Access to the site will be via
Northwest Bendemeer Road to the west and Northwest West Union road to the south of the Project (see Figure
1.2).

1.3 EXISTING SITE CONDITIONS

The Project area is within the Tualatin River Basin, situated on relatively flat land. The northern portion of the
Project site is primarily pasture/hay. The southern portion contains a rural residence surrounded by several
buildings, including a barn that will be removed during site preparation and construction. A 5- to 7-foot-tall
earthen berm covered by mature evergreen trees exists along the perimeter of the site, preventing any offsite
flow from entering. The topography in the Project area is flat within the surrounding berm, with elevations ranging
from approximately 246 to 257 feet above mean sea level. Several culverts located at the perimeter of the site
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allow the field to drain through the berm. The onsite flow generally drains south to a roadside ditch south of the
Project site, which then drains southeast towards Holcomb Lake. Site conditions can be found on Figure 1.2.

1.4 PURPOSE OF REPORT

The purpose of this Report is to establish the 25-year and 100-year storm flows across the site under pre- and
post-development conditions and present a preliminary stormwater management plan for the Project. This Report
presents an overview of the hydrologic and hydraulic methods used, and 25-year and 100-year flood results. This
report is organized as follows:

e Section 1 provides general project background;

e Section 2 presents previous studies related to the Project;

e Section 3 discusses hydrologic and hydraulic analysis;

e Section 4 presents hydrologic and hydraulic analysis results;

e Section 5 presents stormwater management recommendations;

e Section 6 provides the conclusion; and

e Section 7 lists the references.
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2 PREVIOUS STUDIES

21 FLOOD INSURANCE RATE MAPS

The Federal Emergency Management Agency (FEMA) publishes Flood Insurance Rate Maps (FIRMs) that delineate
special flood hazard areas (SFHAs) subject to flooding by the 1% annual chance (100-year) storm event.

Figure 2.1 is a reproduction of the FIRM panel for Washington County, where the Project is located. According to
FIRM Number 41067C0334F, Panel 334 of 650, effective date October 19, 2018, the Project is not within a SFHA
and is identified as unshaded Zone X, areas outside the 0.2% annual chance floodplain.

Blackberry Grove BESS WSP
Project No. USO041675.0332
Jupiter Page 5



3 HYDROLOGIC AND HYDRAULIC
ANALYSIS

This section addresses hydrologic and hydraulic criteria implemented for the analysis of the proposed stormwater
management facilities for the Project. The analysis was conducted in accordance with the On-Site Stormwater
Disposal System (OSDS) Design and Construction Minimum Guidelines and Requirements (2007) and Oregon
Department of Transportation (ODOT) Hydraulics Design Manual (HDM) (2014).

3.1 DRAINAGE CRITERIA

This study adheres to the ODOT HDM (2014) guidelines as outlined in Table 3.1. Peak runoff flow rates were
determined using the rational method for the 25-year and 100-year storm events.

Table 3.1 Applicable ODOT Hydraulics Design Manual Methods and Procedures
DESIGN MANUAL SECTION
TOPIC COMMENTS
OR SUBSECTION
Rainfall Intensity-Duration- Determination of rainfall I-D-R curve zone for

Chapter 7, Appendix A

Recurrence (I-D-R) Interval Curves the Project site.

Determination of pre- and post-development

Rational Method Chapter 7, A dix F
ationat Vetio apter 7, Appendix condition runoff peak discharge
Culvert Chapter 9 Determination of culvert size
Determination of st 1 d sizing of
Storage Facility and Outlet Structure Chapter 12 etermination o storage volume and sizing o

auxiliary outlet

3.2 DATA SOURCES

Input data for the hydrologic calculations were obtained from a variety of sources. This information is summarized
in Table 3.2

Table 3.2 Data Sources
DATA PURPOSE SOURCE FORMAT
. Determining drainage area and points . . . Contour;
El LiDAR p ’
evation of concentration i Survey (Provided by Jupiter) CADD file
il vss Estimating composite runoff National Land Cover Database (NLCD), Google | Raster; CADD
coefficients and time of concentration |satellite imagery, and proposed site plan file
Project
rojec Limits of subbasin boundary Jupiter CADD file
Boundary
Blackberry Grove BESS WSP
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coefficients apply to storms with recurrence intervals of 10-years or less. Adjustment factors of 1.1 and 1.25 are
applied for the 25-year and 100-year storms, respectively, as per the ODOT HDM (Appendix A.2.4).

3.4.3 RAINFALL INTENSITY

The project was determined to be located in rainfall Zone 8 using the rainfall zone map (Appendix A.2.1). The
rainfall intensity was then selected from the Zone 8 intensity-duration-recurrence interval (I-D-R) curve at a
duration equal to the time of concentration (T.) (Appendix A.2.2).

3.4.4 TIME OF CONCENTRATION

The drainage path used to calculate the time of concentration consists of two segments. The first 100 feet is
considered overland sheet flow, while the remaining segment is shallow concentrated flow. The travel time for
each flow segment is computed, and the time of concentration is the sum of these individual travel times, as
follows:

Te = Tost + Toct
where,
T. = Time of concentration (min)
Tost = Travel time for the overland sheet flow segment (min)
Tsct = Travel time for the shallow concentrated flow segment (min)

The kinematic wave equation is used to estimate the time of concentration associated with overland sheet flow.
The equation is shown below:

0.93 (L0'6Tl0'6)
Tosr = (104503)

where,
Tost = Travel time for the overland sheet flow segment (min)
L = Length of overland sheet flow segment (ft)
n = Manning’s roughness coefficient
i = Rainfall intensity (in/hr)
S = The average slope of the overland area (ft/ft)

Determining the time of concentration for overland sheet flow involves a trial-and-error process, as both the flow
time and the rainfall intensity are unknown (Appendix A.2.7).
The travel time for the shallow concentrated flow segment is determined using the following formula:
L
Tscf = W
where,

Tst = Travel time for the shallow concentrated flow segment (min)
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L = Length of shallow concentrated flow segment (ft)

V = Average flow velocity (ft/s)

3.4.5 PEAK DISCHARGE

The peak discharge for the 25-year and 100-year events was calculated using the following equation:
Q=CGCiA
where,
Q = Peak flow (cfs)
Cr = Runoff coefficient adjustment factor
C = Runoff coefficient
i = Rainfall intensity (in/hr)

A = Drainage area (acre)

3.5 FLOW DEPTH CALCULATION

The 100-year flow depth along the BESS and substation pad on the north and east edges of the pad was
determined using FlowMaster (see Appendix B.3). This calculation assumes a wide channel geometry, and takes
into account roughness, discharge, and channel slope.

3.6 STORAGE FACILITY

3.6.1 VOLUME

Storage facilities are designed to maintain the post-development condition peak runoff rate equal to the pre-
development condition peak runoff rate for a 25-year design storm event. The storage volume is determined using
the simplified rational method (Appendix B.1.1). The required storage is a function of the depletion (release) rate
(Qo), inflow (runoff) rate (Qi), and the time of detention (T). The general equation is:

Vs=T(Qi— Qo)
where,
Vs = Storage volume (cubic feet)
Q: = Post-development condition design inflow rate when maximum storage volume is required (cfs)
Q, = Peak design release rate (cfs)

T = Time duration to design inflow rate Q; (s)
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The storage volume is calculated for as many time intervals as necessary to find the peak volume required as per
section ODOT HDM (2014). If the post-development time of concentration is less than the time interval where
peak storage occurs, impervious area used to calculate peak storage is adjusted using the following equation:

CA, = CA4 (1>
Te,
where,
Te = Time of concentration in the post-development condition (min)
T =Time interval where peak storage occurs (min)

CA; = impervious area for post-development condition using entire contributing area in basin A; (acre)

CA, = adjusted impervious area for post-development condition using reduced contributing area A,
corresponding to T (acre)

3.6.2 PRIMARY OUTLET

An orifice is used as a primary outlet control structure designed using the 25-year pre-development flow. The
diameter of the orifice is calculated using the following equation:

05
D= ¢ 05]
3.78H,"

where,
D = Diameter of orifice (feet)
Q = Discharge (cfs)

H, = Effective head on the orifice, measured from the centroid of the orifice opening (feet)

3.6.3 AUXILIARY OUTLET

A riser pipe is used as an auxiliary outlet designed using the 100-year post-development flow. The head for the
riser pipe is calculated using the following equation for a given discharge, riser pipe diameter and the sharp

< )
3.33L

where,
H = Head (feet)
Q = Discharge (cfs)

L = Sharp crested weir length (feet)
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3.7 CULVERT

A culvert under the access road to the site from the west is sized using ODOT HDM Culvert Performance Chart,
which is included in Appendix B.2.
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4 HYDROLOGIC AND HYDRAULIC
ANALYSIS RESULTS

4.1 PRE-DEVELOPMENT CONDITION HYDROLOGIC ANALYSIS
RESULTS

The 25-year peak flows from subbasins ON1 and ON2 in pre-development condition, calculated using the rational
method, are 2.7 cfs and 1.4 cfs, respectively. Similarly, the 100-year peak flows from subbasins ON1 and ON2 in
pre-development condition, calculated using the rational method, are 3.9 cfs and 2 cfs, respectively. The peak
flows are shown in Figure 3.1, and the rational method calculations are included in Appendix A.2.7.

4.2 POST-DEVELOPMENT CONDITION HYDROLOGIC
ANALYSIS RESULTS

The 25-year peak flows from subbasins ON1A, ON1B and ON2 in post-development condition, calculated using
the rational method, are 0.8 cfs, 3.2 cfs and 4.8 cfs, respectively. Similarly, the 100-year peak flows from subbasins
ON1A, ON1B and ON2 in post-development condition, calculated using the rational method, are 1.2 cfs, 4.7 cfs
and 7.1 cfs, respectively. The peak flows are shown in Figure 3.2, and the rational method calculations are included
in Appendix A.2.8.

4.3 FLOW DEPTH RESULTS

The normal flow depth during 100-year event against the BESS and substation pad on both the north and east
edges of the pad was calculated to be 0.1 feet (See Appendix B.3).

4.4 STORAGE FACILITY SIZING

Two detention basin storage facilities, also referred to herein as detention basins, are designed to manage the
increased flow due to proposed development, ensuring that the peak runoff rate after development remains the
same as the pre-development rate during a 25-year design storm event, as described in Section 3.5. Runoff from
the proposed development will be captured in these detention basins and released into the natural flow path at
the pre-development flow rate. One basin, referred to herein as SW Detention Basin, will be located at the site’s
southwest corner, while the other, referred to herein as SE Detention Basin, will be at the southeast corner. The
SW Detention Basin will capture runoff from subbasin ON1B and release it at a rate equal to the pre-development
rate for ON1, minus the flow rate for ON1A. This ensures that the total flow from ON1A and ON1B matches the
pre-development rate for ON1. The SE Detention Basin will capture runoff from subbasin ON2. The required
storage volumes for SW and SE Detention Basins are calculated to be 688 cubic feet and 2,716 cubic feet,
respectively. Storage volume calculations are included in Appendix B.1.1.
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4.5 OUTLET STRUCTURE

The diameter of the orifice for the SW Detention Basin is determined to be 7 inches, with a design head of 2 feet.
For the auxiliary riser pipe, the diameter is calculated to be 18 inches, corresponding to a design head of 0.5 feet.
Detailed calculations can be found in Appendix B.1.2.

The diameter of the orifice for the SE Detention Basin is determined to be 8 inches, with a design head of 0.5 feet.
For the auxiliary riser pipe, the diameter is calculated to be 24 inches, corresponding to a design head of 0.5 feet.
Detailed calculations can be found in Appendix B.1.2.
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5 STORMWATER MANAGEMENT
RECOMMENDATIONS

Figure 3.2 shows the locations of the proposed facilities described below.

51 DETENTION BASIN

Two detention basins, the SW and SE Detention Basins, are proposed on the site’s southwest and southeast
corners, respectively, to collect onsite runoff volume. The storage volume of the SW Detention Basin is
approximately 688 cubic feet, while the SE Detention Basin is approximately 2,716 cubic feet. They are designed
to capture the increase in runoff volume and release post-development condition runoff at the pre-development
condition rate.

5.2 CULVERT

A 12-inch corrugated metal pipe (CMP) culvert is proposed under the site access road from the west. The
headwater depth at the culvert is estimated to be 0.625 feet using the culvert performance chart included in
Appendix B.2.
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6 CONCLUSION

The Blackberry Grove BESS project is being constructed on approximately 9.5 acres of privately-owned land in
Washington County, Oregon. The purpose of this Preliminary Drainage Study is to establish the 25-year and 100-
year storm hydrology, flow rate, and runoff volume that will ultimately be used for the design of the substation
and battery pad elevations and drainage facilities.

The storm scenario was evaluated using the rational method. Under pre-development condition, flows run
through the site from north to south as sheet flow and shallow concentrated flow. Offsite flow from the north is
diverted around and away from the site via a 5- to 7-foot-tall earthen berm surrounding the site.

Recommended stormwater management facilities include a culvert under the site access road from the west and
two detention basins located at the site’s southwest and southeast corners. These basins are designed to store
the 25-year storm runoff volume and ensure that post-development peak runoff rates do not exceed pre-
development rates. It is recommended that all substation equipment be elevated a minimum of 12-inches above
the 100-year flow depth established in this study.
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