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1.0 INTRODUCTION

CGU Capital Management proposes to develop 4.844 acres of existing vacant land in the City of
Perris, CA. The developed site will reduce the total acreage from 4.844 acres to 4.821 acres by
dedication additional right-of-way along Patterson Avenue to accommodate public sidewalks and
landscaping. A total of 10.7 acres will be included in the overall hydrology analysis, which includes
public right-of-way flows, off-site run-on flows, and the impact of developing this undeveloped
site.

The project proposes the construction of a commercial warehouse building (approximately
94,453 square-foot) along with the parking stalls to accommodate the building size on the
property. Additional improvements will include sidewalk, landscape, underground detention
system and driveway approaches to access the proposed site.  Parkway improvement is proposed
for the frontage street of Patterson Avenue. The street will also involve constructing curb and
gutter to the ultimate street width of 66’ per City standards for Patterson Avenue.

2.0 PURPOSE

The purpose of the study is to quantify the 10-year and 100-year peak storm flow rates for the
pre-developed and post-developed site conditions. This study will also demonstrate that the
proposed on-site drainage plan is adequately sized to contain the additional runoff generated in
the post-developed condition for the 100-year storm. In addition to on-site analysis, the potential
impact of the off-site flows that contribute to the public right-of-way by developing this site were
analyzed for pre-developed conditions and future development of underground storm drain
facilities.

The proposed on-site underground detention chambers are designed to comply with the City of
Perris criteria stating that post-development flows shall not exceed 90% of pre-development
flows. The 100-year storm was used for the on-site underground chambers.

The pre-developed and post-developed conditions were calculated using the rational method for
the 10-year and 100-year storm events, which are presented in Appendix C of this report. Soil
type was determined through multiple sources, including a geotechnical investigation performed
by Terracon Consultants, Inc, WebSoilSurvey (an online soil resource) and the Riverside County
Stormwater and Conservation Tracking Tool. Data obtained from these soil investigations can be
seen in Appendix “B” of this report.

3.0  METHODOLOGY

The analysis was performed in accordance with the Riverside County Hydrology Manual.
CivilDesign software by Bonadiman was used to perform rational method calculations. The 100-
year intensity and AMC III was used to simulate the pre and post-developed hydrology condition.
The NOAA Atlas 14 Point Precipitation Frequency Estimates were obtained for project site by
entering the project coordinates of 33.86386 (North) and -117.25440 (West).
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4.0 SITE DESCRIPTION

Soil infiltration testing was performed by Terracon Consultants, Inc. Site infiltration rates of the
underlying soils for this site were found to be between 0.06 and 0.07 in/hr. Site hydrologic soils
group classification was determined to be group B and C through WebSoilSurvey and Riverside
County Stormwater and Conservation Tracking Tool.

Existing Drainage Condition

Existing runoff for this development is delineated into five subareas that will confluence at the
northeasterly corner of the development. Subareas A1-A3 include drainage from off-site
stormwater draining onto the proposed development (off-site run-on). Subarea A4 includes the
on-site flows and subarea F1 includes the off-site street flows (AC Pavement).

The off-site subarea A1, A2 and A3 generally drain easterly with average grade of 1%. Stormwater
sheet flows across the westerly adjacent lots then comingle with the proposed development
area.

Subarea A4 is a rectangular site located on the west of Patterson Avenue (see the “Pre-Developed
Hydrology Map” in Appendix “D” of this report). The site generally drains from southwest to
northeast with average grades of 1% to 3%. Stormwater sheet flows across the site and is
released onto Patterson Avenue at the northeasterly portion of the site. Due to the pre-
developed site being nearly 100% pervious infiltration will occur on-site through the existing
native pervious surface.

Subarea F1 consists of the AC Pavement limits along the Patterson Avenue contributing area
includes up to the centerline where a crown acts as the limits of contributing stormwater to the
property frontage (see the “Pre-Developed Hydrology Map” in Appendix D of this report). Flows
from this subarea start at a high point and will ultimately drain north along the westerly edge of
Patterson Avenue where stormwater will confluence with the flows from Subareas A1-A3 and
A4.

Proposed Drainage Condition

Proposed runoff at the site is delineated into twelve subareas. Subareas A1, A2, A3, B1, C1, C2,
C3, D1, E1, E2, E3 and F1 consist of the on-site areas that will be captured, treated, and then
released off-site to where stormwater will contribute to the public storm drain system. Subarea
F1 consists of all contributing public right-of-way flows along the property frontage of Patterson
Avenue as previously discussed in “Existing Drainage Condition”.

Subarea A1, A2 and A3 consist of the offsite area west of the proposed developed location.
Stormwater from these subareas begin at a high point at the westerly of the site. The stormwater
will sheet flow easterly before the proposed property, where the storm drain inlets are proposed
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and runoff is conveyed into the proposed 42-inch RCP in Patterson Avenue. The existing 30-inch
RCP pipe in Patterson Avenue is being upsized to the 42-inch RCP to convey the increase of
stormwater, see Appendix “E” for offsite hydraulics.

Subarea C1 and C2 will capture the stormwater from the northern portion of the development.
The building runoff, landscaping and hardscape will contribute to the runoff. The general
direction of flow for these subareas drains westerly to easterly. Stormwater runoff generated
from these subareas will be captured by a storm drain inlet at the low point of the east.
Subareas B1 will capture stormwater from the northwesterly parking lot area, the drive approach
along Patterson Avenue. Landscaping and hardscape will contribute to the runoff. This subarea
drains southeasterly to a low point along a proposed 6” curb and gutter where the underground
chambers will be constructed. Stormwater runoff generated from subarea B1 will be treated
through the underground chambers along the southerly property line of the development.
Subareas C3 and D1 will capture stormwater from the northeasterly portion of the proposed
development. The parking lot, landscaping, native cover and hardscape will contribute to the
runoff. These subareas drain from northeasterly to southerly. The stormwater will be routed via
v-gutters and storm drain inlets. Stormwater runoff generated from subareas B1, B2 and B3 will
be transported to the proposed underground chambers via storm drain system to be treated
along the southerly property line of the development.

Subarea E1, E2 and E3 will capture stormwater runoff from the southwesterly parking lot area,
just south of the drive approach. These subareas drain northeasterly to a low point where the
storm drain inlets are proposed and transfer to the proposed underground chambers via storm
drain system. An outlet will be proposed at the end of the site and connect to the existing Caltrans
storm drain inlet located on Caldwell Avenue.

Subarea F1 consists of the AC Pavement limits along the Patterson Avenue property frontage and
extending to areas of re-development in the public right-of-way. Along Patterson Avenue the
contributing area includes up to the centerline where a crown acts as the limits of contributing
stormwater to the property frontage. Flows from this subarea start at a high point at the
southwesterly corner of the California Avenue re-development limits and will ultimately drain
east along California Avenue until Patterson Avenue and then north along the westerly edge of
Patterson Avenue.

On-site flows will be released onto Patterson Avenue after the underground chambers treat the
stormwater from these subareas. See the “Post-Developed Hydrology Map” in Appendix “D” of
this report)

5.0  RESULTS

The following table summarizes the data and results for the 10-year and 100-year storm events
for the existing condition.  Calculations can be found in Appendix “C” of this report.
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Existing Subareas ACRE Q10 Q100
Subarea A1 2.00 3.34 cfs 5.82 cfs
Subarea A2 2.64 4.41 cfs 7.68 cfs
Subarea A3 1.00 1.67 cfs 2.91 cfs
Subarea A4 4.82 7.40 cfs 13.79 cfs
Subarea F1 0.25 0.26 cfs 0.51 cfs

Total 10.71 17.08 cfs 30.71 cfs
Confluence** --- 16.95 cfs 30.45 cfs

** Confluence – The junction of contributing upstream flows to a final downstream single flow.

The following table summarizes the data and results for the 10-year and 100-year storm events
for the proposed condition.  Calculations can be found in Appendix “C” of this report.

Proposed Subareas ACRE Q10 Confluence**
Q10

Q100 Confluence**
Q100

Subarea A1 2.00 3.34 cfs

17.32 cfs

5.82 cfs

29.64 cfs

Subarea A2 2.64 4.41 cfs 7.56 cfs
Subarea A3 1.00 1.67 cfs 2.75 cfs
Subarea B1 1.29 2.16 cfs 3.69 cfs
Subarea C1 2.14 3.60 cfs 6.14 cfs
Subarea C2 0.12 0.20 cfs 0.34 cfs
Subarea C3 0.43 0.70 cfs 1.20 cfs
Subarea D1 0.36 0.56 cfs 0.96 cfs
Subarea E1 0.16 0.24 cfs 0.41 cfs
Subarea E2 0.14 0.20 cfs 0.35 cfs
Subarea E3 0.17 0.24 cfs 0.42 cfs
Subarea F1 0.25 0.40 cfs 0.40 cfs 0.69 cfs 0.69

Total 10.70 17.72 17.72 30.33 30.33

** Confluence – The junction of contributing upstream flows to a final downstream single flow.

On-Site Analysis

The off-site subareas A1, A2 and A3 generally drains easterly into the proposed storm drain inlets
on-site. Then it will eventually drains to the existing Caltrans storm drain inlet on Caldwell Avenue
via storm drain system.
On-site stormwater will be captured by underground chambers before stormwater will be
released into the public right-of-way. The stormwater released will contribute to street flows
along Caldwell Avenue. A maximum of 15.26 cfs will be discharged from the proposed
underground chambers from all on-site flows. Mitigation will take place by basin routing in post-
developed subareas through the underground detention chambers. The proposed outlet will be
used for excess flows and would prevent stormwater from backing up onto the site. This outlet
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will be located on southeasterly portion of the property. The existing site does not retain any
stormwater in the existing condition. Release flows into the city storm drain system will not
exceed the 90% flow for a 100-year storm event.

A hydraulic analysis of all on-site storm drain facilities including, but not limited to, curb and
gutter, v-gutters, gravel swales, underground storm drain, chambers, weirs and orifices will be
performed during the “Final Hydrology Report”.

Off-Site Analysis

The existing 100-year storm pre-development flows that contribute to the existing Caltrans storm
drain inlet (draining southerly) is 16.82 cfs. The proposed site will reduce the flows along Caldwell
Avenue to 15.14 cfs (90% of existing flows). The Offsite Storm Drain Plan – “Perris Valley Strom
Drain System” for Patterson Avenue, Nandina Avenue and Western Way, prepared June 2020
includes the underground storm drainpipe along the Patterson Avenue. The nearest public
facilities include Line A from Offsite Storm Drain Plan that has been built up to 300’ from Harley
Knox Blvd. This pipe (Line A) begins on Western Way runs southerly to the north of the proposed
development, approximately at the Nandina Avenue. This line runs easterly to Patterson Avenue
where it will begin heading south towards the underground storm drain proposed by Caltrans
per Caltrans contract No. 08-420404.

The existing conditions for stormwater runoff transportation along the property frontage and the
surrounding area flows along Patterson Avenue (northerly) via catch basins and storm drain
connections. The proposed development on Patterson Avenue will mimic the existing condition
by holding the longitudinal slope (north to south) and the cross slope of the Patterson Avenue
Street section, approximately 2%.  The on-site stormwater mitigation by developing this site will
improve the upon the existing stormwater runoff condition in the public right-of-way. The
existing 100-year storm pre-development flows that contribute to Patterson Avenue (draining
northerly) is 16.82 cfs. The proposed site will reduce the flows along Patterson Avenue to 15.14
cfs (90% of existing flows). The existing Storm drain pipe (Line A) lies along the stretch of Line A
that was analyzed to have a projected flow of 18.2 cfs for a 30-inch reinforced concrete pipe
(RCP) while the on-site flow was 15.14 cfs. The existing 30-inch RCP does not have the capacity
to convey the runoff from the proposed development. At the proposed lateral from the
development the existing 30-inch RCP is being upsized to a 42-inch RCP to meet the hydraulic
capacity with increase in runoff.

Conclusion

The proposed development does not have a significant impact on the existing drainage condition
for the site by reducing the flows that will contribute along the frontage of Patterson Avenue
through on-site mitigation. Due to a lack of public storm drain facilities to release treated on-site
stormwater or to capture public water along Patterson Avenue.  stormwater will be transported
via the new 42-inch RCP storm drain system that will be constructed in place of the existing storm
drainpipe (Line A) where stormwater will continue southerly towards the Harley Knox Blvd to
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connect the existing storm drain system constructed by Caltrans per City of Perris offsite Storm
Drain Plan P8-1351.
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NOAA Atlas 14, Volume 6, Version 2 
Location name: Perris, California, USA* 

Latitude: 33.8637°, Longitude: -117.2529° 
Elevation: 1490.55 ft**

* source: ESRI Maps 
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES
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Pavlovic, Ishani Roy, Carl Trypaluk, Dale Unruh, Fenglin Yan, Michael Yekta, Tan Zhao, Geoffrey

Bonnin, Daniel Brewer, Li-Chuan Chen, Tye Parzybok, John Yarchoan

NOAA, National Weather Service, Silver Spring, Maryland
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PF tabular
AMS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Annual exceedance probability (1/years)

1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 1/1000

5-min 0.101
(0.085‑0.122)

0.161
(0.134‑0.195)

0.201
(0.166‑0.246)

0.256
(0.204‑0.324)

0.299
(0.233‑0.387)

0.344
(0.261‑0.457)

0.391
(0.289‑0.535)

0.458
(0.323‑0.654)

0.512
(0.349‑0.758)

10-min 0.145
(0.121‑0.175)

0.231
(0.192‑0.280)

0.289
(0.238‑0.353)

0.366
(0.292‑0.464)

0.428
(0.334‑0.554)

0.493
(0.374‑0.655)

0.560
(0.414‑0.767)

0.656
(0.464‑0.938)

0.733
(0.500‑1.09)

15-min 0.175
(0.146‑0.212)

0.279
(0.232‑0.338)

0.349
(0.288‑0.427)

0.443
(0.353‑0.562)

0.518
(0.404‑0.671)

0.596
(0.453‑0.792)

0.678
(0.500‑0.928)

0.793
(0.561‑1.13)

0.887
(0.605‑1.31)

30-min 0.284
(0.237‑0.343)

0.451
(0.376‑0.547)

0.564
(0.466‑0.690)

0.717
(0.571‑0.908)

0.837
(0.652‑1.08)

0.963
(0.732‑1.28)

1.10
(0.809‑1.50)

1.28
(0.907‑1.83)

1.43
(0.978‑2.12)

60-min 0.384
(0.321‑0.465)

0.612
(0.509‑0.742)

0.765
(0.632‑0.935)

0.971
(0.774‑1.23)

1.13
(0.884‑1.47)

1.31
(0.992‑1.74)

1.49
(1.10‑2.03)

1.74
(1.23‑2.49)

1.94
(1.33‑2.88)

2-hr 0.561
(0.468‑0.679)

0.845
(0.703‑1.02)

1.03
(0.853‑1.26)

1.28
(1.02‑1.62)

1.48
(1.15‑1.91)

1.68
(1.27‑2.23)

1.88
(1.39‑2.58)

2.17
(1.53‑3.10)

2.39
(1.63‑3.54)

3-hr 0.688
(0.574‑0.832)

1.02
(0.847‑1.23)

1.23
(1.02‑1.51)

1.52
(1.21‑1.92)

1.74
(1.35‑2.25)

1.96
(1.49‑2.61)

2.19
(1.62‑3.00)

2.51
(1.77‑3.59)

2.76
(1.88‑4.09)

6-hr 0.956
(0.798‑1.16)

1.39
(1.16‑1.69)

1.68
(1.39‑2.05)

2.05
(1.64‑2.60)

2.34
(1.82‑3.03)

2.63
(1.99‑3.49)

2.92
(2.15‑4.00)

3.32
(2.35‑4.75)

3.64
(2.48‑5.39)

12-hr 1.24
(1.03‑1.50)

1.83
(1.53‑2.22)

2.22
(1.83‑2.71)

2.72
(2.17‑3.44)

3.10
(2.42‑4.01)

3.48
(2.65‑4.63)

3.87
(2.86‑5.30)

4.40
(3.11‑6.29)

4.81
(3.28‑7.13)

24-hr 1.59
(1.41‑1.84)

2.43
(2.14‑2.81)

2.97
(2.60‑3.46)

3.66
(3.10‑4.41)

4.19
(3.48‑5.15)

4.72
(3.83‑5.95)

5.27
(4.15‑6.82)

6.00
(4.55‑8.09)

6.57
(4.81‑9.15)

2-day 1.86
(1.64‑2.14)

2.89
(2.55‑3.35)

3.56
(3.12‑4.15)

4.43
(3.76‑5.34)

5.10
(4.23‑6.27)

5.77
(4.67‑7.27)

6.46
(5.09‑8.36)

7.38
(5.59‑9.95)

8.10
(5.93‑11.3)

3-day 1.98
(1.75‑2.29)

3.13
(2.76‑3.62)

3.88
(3.40‑4.52)

4.86
(4.11‑5.85)

5.60
(4.65‑6.89)

6.36
(5.15‑8.01)

7.14
(5.63‑9.24)

8.19
(6.20‑11.0)

9.01
(6.60‑12.6)

4-day 2.15
(1.90‑2.48)

3.43
(3.03‑3.97)

4.27
(3.74‑4.97)

5.36
(4.54‑6.46)

6.20
(5.15‑7.62)

7.06
(5.72‑8.89)

7.94
(6.26‑10.3)

9.14
(6.92‑12.3)

10.1
(7.38‑14.0)

7-day 2.33
(2.06‑2.69)

3.80
(3.36‑4.40)

4.77
(4.18‑5.56)

6.05
(5.13‑7.29)

7.04
(5.84‑8.66)

8.05
(6.52‑10.1)

9.09
(7.17‑11.8)

10.5
(7.97‑14.2)

11.6
(8.52‑16.2)

10-day 2.38
(2.11‑2.75)

3.95
(3.48‑4.56)

4.99
(4.37‑5.81)

6.37
(5.39‑7.67)

7.44
(6.17‑9.14)

8.54
(6.92‑10.8)

9.68
(7.63‑12.5)

11.2
(8.52‑15.2)

12.5
(9.14‑17.4)

20-day 2.70
(2.38‑3.11)

4.57
(4.03‑5.29)

5.85
(5.13‑6.82)

7.60
(6.43‑9.15)

8.97
(7.45‑11.0)

10.4
(8.43‑13.1)

11.9
(9.40‑15.4)

14.0
(10.6‑18.9)

15.7
(11.5‑21.9)

30-day 3.02
(2.67‑3.48)

5.15
(4.54‑5.95)

6.63
(5.81‑7.73)

8.69
(7.36‑10.5)

10.3
(8.57‑12.7)

12.1
(9.78‑15.2)

13.9
(11.0‑18.0)

16.5
(12.5‑22.2)

18.6
(13.6‑25.9)

45-day 3.47
(3.06‑4.00)

5.87
(5.18‑6.79)

7.60
(6.65‑8.85)

10.0
(8.49‑12.1)

12.0
(9.97‑14.8)

14.1
(11.5‑17.8)

16.4
(12.9‑21.2)

19.6
(14.9‑26.5)

22.3
(16.3‑31.1)

60-day 3.87
(3.42‑4.46)

6.47
(5.71‑7.49)

8.38
(7.34‑9.77)

11.1
(9.40‑13.4)

13.4
(11.1‑16.4)

15.8
(12.8‑19.9)

18.4
(14.5‑23.9)

22.3
(16.9‑30.0)

25.4
(18.6‑35.4)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of annual maxima series (AMS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency
estimates (for a given duration and annual exceedance probability) will be greater than the upper bound (or less than the lower bound) is 5%.
Estimates at upper bounds are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP
values.
Please refer to NOAA Atlas 14 document for more information.
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FT2 AC % AVERAGE CN VALUE
AT= 221008.5 5.074 ---

APERV= 221008.5 5.074 100.00%
AIMP= 0 0.000 0.00%

AT= 210018 4.821 ---
APERV= 210018 4.821 100.00%
AIMP= 0 0.000 0.00%

AT= 10990.5 0.252 ---
APERV= 10990.5 0.252 100.00%
AIMP= 0 0.000 0.00%

AT= 220932 5.072 ---
APERV= 36823 0.845 16.67%
AIMP= 184109 4.227 83.33%

AT= 93184 2.14 ---
APERV= 4999 0.115 5.36%
AIMP= 88185 2.024 94.64%

AT= 5224 0.120 ---
APERV= 1308 0.030 25.04%
AIMP= 3916 0.090 74.96%

AT= 18896 0.434 ---
APERV= 4436 0.102 23.48%
AIMP= 14460 0.332 76.52%

AT= 15769 0.362 ---
APERV= 5055 0.116 32.06%
AIMP= 10714 0.246 67.94%

AT= 7506 0.172 ---
APERV= 0 0.000 0.00%
AIMP= 7506 0.172 100.00%

AT= 6300 0.145 ---
APERV= 0 0.000 0.00%
AIMP= 6300 0.145 100.00%

AT= 7040 0.162 ---
APERV= 0 0.000 0.00%
AIMP= 7040 0.162 100.00%

AT= 56022 1.286 ---
APERV= 10034 0.230 142.53%
AIMP= 45988 1.056 653.24%

AT= 10990.5 0.252 ---
APERV= 10990.5 0.252 100.00%
AIMP= 0 0.000 0.00%

A1 78

1412101 - PATTERSON BUSINESS CENTER

EXISTING
CONDITION

78

F1 91

PROPOSED
CONDITION

93

A1 96

A2 91

B1 91

B2 89

D1 98

B3 98

C1 98

E1 93

F1 69
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In addition to the documentation of the essential parameters necessary for construction, the
continuation of the Geotechnical Engineer into the construction phase of the project provides the
continuity to maintain the Geotechnical Engineer’s evaluation of subsurface conditions, including
assessing variations and associated design changes.

SHALLOW FOUNDATIONS

If the site has been prepared in accordance with the requirements noted in Earthwork, the
following design parameters are applicable for shallow foundations.

Item Description

Foundation Support
Engineered fill extending 2 feet below the bottom of
foundations, or 5 feet below existing grades, whichever
is greater.

Net Allowable Bearing pressure 1, 2

(On-site soils or structural fill)
2,200 psf

Minimum Foundation Dimensions Columns: 24 inches
Continuous: 18 inches

Minimum Footing Depth 18" below finished grade

Ultimate Passive Resistance 4 350 pcf

Ultimate Coefficient of Sliding Friction 5 0.32

Estimated Total Static Settlement from
Structural Loads 2 about 1 inch

Estimated Differential Settlement 2, 6 About 1/2 of total settlement
1. The maximum net allowable bearing pressure is the pressure in excess of the minimum surrounding

overburden pressure at the footing base elevation. An appropriate factor of safety has been applied.
2. Values provided are for maximum loads noted in Project Description. The foundation settlement will depend

upon the variations within the subsurface soil profile, the structural loading conditions, the embedment depth
of the footings, the thickness of compacted fill, and the quality of the earthwork operations.

3. Unsuitable or soft soils should be over-excavated and replaced per the recommendations presented in the
Earthwork.

4. Use of passive earth pressures requires the footing forms be removed and compacted structural fill be placed
against the vertical footing face. A factor of safety of 2.0 is recommended.

5. Can be used to compute sliding resistance where foundations are placed on suitable soil/materials. Should
be neglected for foundations subject to net uplift conditions. A factor of safety of 1.5 is recommended.

6. Differential settlements are as measured over a span of 40 feet.

FLOOR SLABS

DESCRIPTION RECOMMENDATION
Interior floor system Slab-on-grade concrete
Prel
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DESCRIPTION RECOMMENDATION

Floor slab support Engineered fill extending 2 feet below the bottom of associated foundations,
or 5 feet below existing grades, whichever is greater.

Subbase Minimum 4-inches of Aggregate Base

Modulus of subgrade
reaction

150 pounds per square inch per inch (psi/in) (The modulus was obtained
based on estimates obtained from NAVFAC 7.1 design charts). This value
is for a small loaded area (1 Sq. ft or less) such as for forklift wheel loads or
point loads and should be adjusted for larger loaded areas.

The use of a vapor retarder should be considered beneath concrete slabs on grade covered with
wood, tile, carpet, or other moisture sensitive or impervious coverings, or when the slab will
support equipment sensitive to moisture. When conditions warrant the use of a vapor retarder,
the slab designer should refer to ACI 302 and/or ACI 360 for procedures and cautions regarding
the use and placement of a vapor retarder.

Saw-cut control joints should be placed in the slab to help control the location and extent of
cracking. For additional recommendations refer to the ACI Design Manual. Joints or cracks should
be sealed with a water-proof, non-extruding compressible compound specifically recommended
for heavy duty concrete pavement and wet environments.

Where floor slabs are tied to perimeter walls or turn-down slabs to meet structural or other
construction objectives, our experience indicates differential movement between the walls and
slabs will likely be observed in adjacent slab expansion joints or floor slab cracks beyond the
length of the structural dowels. The Structural Engineer should account for potential differential
settlement through use of sufficient control joints, appropriate reinforcing or other means.

PAVEMENTS

General Pavement Comments

Pavement designs are provided for the traffic conditions and pavement life conditions as noted in
Project Description and in the following sections of this report. A critical aspect of pavement
performance is site preparation. Pavement designs noted in this section must be applied to the
site which has been prepared as recommended in the Earthwork section.

Pavement Design Parameters

Design of asphalt concrete (AC) pavements is based on the procedures outlined in the Caltrans
"Highway Design Manual for Safety Roadside Rest Areas" (Caltrans, 2016). Design of Portland
cement concrete (PCC) pavements are based upon American Concrete Institute (ACI) 330R-08;
"Guide for Design and Construction of Concrete Parking Lots."
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A correlated design R-value of 15 was used to calculate the AC pavement thickness sections.  A
modulus of subgrade reaction of 120 pci and a modulus of rupture of 600 psi were used for the
PCC pavement designs.

The structural sections are predicated upon proper compaction of the utility trench backfills and
the subgrade soils as prescribed by in Earthwork, with the upper 12 inches of subgrade soils and
all aggregate base material brought to a minimum relative compaction of 95 percent in
accordance with ASTM D 1557 prior to paving. The aggregate base should meet Caltrans
requirements for Class 2 base.

The pavement designs were based upon the results of preliminary sampling and testing and
should be verified by additional sampling and testing (specifically R-value testing) during
construction when the actual subgrade soils are exposed.  Additionally, the preliminary sections
provided are minimums based on procedures previously referenced.  The project civil engineer
should confirm minimum Traffic Indices and sections required by local agencies or jurisdictions if
applicable.

Pavement Section Thicknesses

The following table provides options for AC and PCC Sections:

Asphalt Concrete Design

Usage Assumed Traffic
Index

Recommended
Structural Section

Auto Parking Areas 5.0 3” HMA1/9” Class 2 AB2

Drive lanes 5.5 3” HMA1/10” Class 2 AB2

Truck Parking Areas 7.0 4” HMA1/13” Class 2 AB2

Truck Delivery Areas 8.0 4.5” HMA1/16” Class 2 AB2

1. HMA = hot mix asphalt
2. AB = aggregate basePrel
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Portland Cement Concrete Design

Layer
Thickness (inches)

Light Duty1 Medium Duty2 Dumpster Pad3

PCC 5.0 6.0 7.5

Aggregate Base 4 -- -- --

1. Car Parking and Access Lanes, Average Daily Truck Traffic (ADTT) = 1 (Category A).
2. Truck Parking Areas, Multiple Units, ADTT = 25 (Category B)
3. In areas of anticipated heavy traffic, fire trucks, delivery trucks, or concentrated loads (e.g., dumpster

pads), and areas with repeated turning or maneuvering of heavy vehicles, ADTT = 700 (Category C).
4. Aggregate base is not required. Compacted on-site material is considered competent.

Recommended structural sections were calculated based on assumed TIs and our preliminary
sampling and testing.

Terracon does not practice traffic engineering. We recommend that the project civil engineer or
traffic engineer verify that the TIs and ADTT traffic indices used are appropriate for this project.

Pavement Drainage

Pavements should be sloped to provide rapid drainage of surface water.  Water allowed to pond
on or adjacent to the pavements could saturate the subgrade and contribute to premature
pavement deterioration. In addition, the pavement subgrade should be graded to provide positive
drainage within the granular base section. Appropriate sub-drainage or connection to a suitable
daylight outlet should be provided to remove water from the granular subbase.

Pavement Maintenance

The pavement sections represent minimum recommended thicknesses and, as such, periodic
maintenance should be anticipated. Therefore, preventive maintenance should be planned and
provided for through an on-going pavement management program. Maintenance activities are
intended to slow the rate of pavement deterioration and to preserve the pavement investment.
Maintenance consists of both localized maintenance (e.g., crack and joint sealing and patching)
and global maintenance (e.g., surface sealing). Preventive maintenance is usually the priority
when implementing a pavement maintenance program. Additional engineering observation is
recommended to determine the type and extent of a cost-effective program. Even with periodic
maintenance, some movements and related cracking may still occur and repairs may be required.

Pavement performance is affected by its surroundings. In addition to providing preventive
maintenance, the civil engineer should consider the following recommendations in the design and
layout of pavements:
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n Final grade adjacent to paved areas should slope down from the edges at a minimum
2 percent.

n Subgrade and pavement surfaces should have a minimum 2 percent slope to promote
proper surface drainage.

n Install below pavement drainage systems surrounding areas anticipated for frequent
wetting.

n Install joint sealant and seal cracks immediately.
n Seal all landscaped areas in or adjacent to pavements to reduce moisture migration to

subgrade soils.
n Place compacted, low permeability backfill against the exterior side of curb and gutter.
n Place curb, gutter and/or sidewalk directly on clay subgrade soils rather than on unbound

granular base course materials.

STORM WATER MANAGEMENT

The soil at the infiltration test locations was classified in the field using a visual/manual procedure.
Soil samples from the test locations were returned to our laboratory for testing by sieve analysis.
The results of the sieve analyses are attached. The infiltration velocity is presented as the
infiltration rate and  is summarized in the following table. The infiltration rates provided do not
include safety factors.

Test Location Test Depth (feet)1 Soil Type
Infiltration Rate

in./hr. cm./hr.
DR-1 5 SC-SM 0.06 0.16

DR-2 5 SC-SM 0.07 0.18

1. Below existing ground surface

The above infiltration rates determined by the double-ring method are based on field test results
utilizing clear water. Infiltration rates can be affected by silt buildup, debris, degree of soil
saturation, site variability and other factors. The rate obtained at specific location and depth is
representative of the location and depth tested and may not be representative of the entire site.

Due to the significant variation of measured infiltration rates, infiltration rate utilized in the design
should be selected carefully and based on the design basin depth. The designer of the basins
should also consider other possible site variability in the design. Application of an appropriate
safety factor may be prudent to account for subsoil inconsistencies, possible compaction related
to site grading, and potential silting of the percolating soils, depending on the application.Prel

im
ina

ry



Geotechnical Engineering Report
Patterson Avenue Industrial Center ■ Perris, Riverside County, California
July 27, 2021 ■ Terracon Project No. CB215068

Responsive ■ Resourceful ■ Reliable 18

CORROSIVITY

The following table lists the laboratory electrical resistivity (standard and as-received), chlorides,
soluble sulfates, and pH testing results.  These values may be used to estimate potential corrosive
characteristics of the on-site soils with respect to contact with the various underground materials
which will be used for project construction.

Boring Depth
(feet)

Soluble
Sulfate
(mg/kg)

Soluble
Chloride
(mg/kg)

Fluoride
(mg/kg) pH

Resistivity
(as-received)

(Ohm-cm)

Resistivity
(saturated)
(Ohm-cm)

B-3 0 to 5 64 11 18 7.6 13,200 2,400

Results of soluble sulfate testing indicate samples of the on-site soils tested possess negligible
sulfate concentrations when classified in accordance with Table 4.3.1 of the ACI Design Manual.
Concrete should be designed in accordance with the provisions of the ACI Design Manual,
Section 318, Chapter 4.

For protection against corrosion to buried metals, Terracon recommends that an experienced
corrosion engineer be retained to design a suitable corrosion protection system for underground
metal structures or components.

If corrosion of buried metal is critical, it should be protected using a non-corrosive backfill,
wrapping, coating, sacrificial anodes, or a combination of these methods, as designed by a
qualified corrosion engineer.

GENERAL COMMENTS

Our analysis and opinions are based upon our understanding of the project, the geotechnical
conditions in the area, and the data obtained from our site exploration. Natural variations will occur
between exploration point locations or due to the modifying effects of construction or weather.
The nature and extent of such variations may not become evident until during or after construction.
Terracon should be retained as the Geotechnical Engineer, where noted in this report, to provide
observation and testing services during pertinent construction phases. If variations appear, we
can provide further evaluation and supplemental recommendations. If variations are noted in the
absence of our observation and testing services on-site, we should be immediately notified so
that we can provide evaluation and supplemental recommendations.

Our Scope of Services does not include either specifically or by implication any environmental or
biological (e.g., mold, fungi, bacteria) assessment of the site or identification or prevention of
pollutants, hazardous materials or conditions. If the owner is concerned about the potential for
such contamination or pollution, other studies should be undertaken.

Prel
im

ina
ry



Geotechnical Engineering Report
Patterson Avenue Industrial Center ■ Perris, Riverside County, California
July 27, 2021 ■ Terracon Project No. CB215068

Responsive ■ Resourceful ■ Reliable 19

Our services and any correspondence or collaboration through this system are intended for the
sole benefit and exclusive use of our client for specific application to the project discussed and
are accomplished in accordance with generally accepted geotechnical engineering practices with
no third-party beneficiaries intended. Any third-party access to services or correspondence is
solely for information purposes to support the services provided by Terracon to our client.
Reliance upon the services and any work product is limited to our client, and is not intended for
third parties. Any use or reliance of the provided information by third parties is done solely at their
own risk. No warranties, either express or implied, are intended or made.

Site characteristics as provided are for design purposes and not to estimate excavation cost. Any
use of our report in that regard is done at the sole risk of the excavating cost estimator as there
may be variations on the site that are not apparent in the data that could significantly impact
excavation cost. Any parties charged with estimating excavation costs should seek their own site
characterization for specific purposes to obtain the specific level of detail necessary for costing.
Site safety, and cost estimating including, excavation support, and dewatering
requirements/design are the responsibility of others. If changes in the nature, design, or location
of the project are planned, our conclusions and recommendations shall not be considered valid
unless we review the changes and either verify or modify our conclusions in writing.
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ATTACHMENTS
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EXPLORATION AND TESTING PROCEDURES

Field Exploration

Terracon conducted thirteen (13) soil-testing borings. Our scope also included excavating two (2)
test pits, each 5 feet deep, for double ring infiltration testing. These borings and pits were planned
at the locations and to depths indicated in the table below.

Boring Nos Boring Depth (feet) 1,2 Location

3 (B-1 to B-3) 21 ½ Warehouse building

2 (B-4 and B-5) 51 ½ Warehouse building

3 (B-6 to B-8) 21 ½ Office buildings and loading dock

4 (B-9 to B-13) 6 ½  and 11 ½ Car/trailer Parking lots

2 (DR-1 and DR-2) 53 Infiltration facility

1. Below ground surface.

Boring Layout and Elevations: Unless otherwise noted, Terracon personnel provided the boring
layout. Coordinates were obtained with a handheld GPS unit (estimated horizontal accuracy of
about ±10 feet) and approximate elevations were obtained by interpolation from the Google Earth.
If elevations and a more precise boring layout are desired, we recommend borings be surveyed
following completion of fieldwork.

Subsurface Exploration Procedures: We advance the borings with a truck-mounted drill rig using
hollow-stem augers. Both a standard penetration test (SPT) sampler (2-inch outer diameter and 1-
3/8-inch inner diameter) and a modified California ring-lined sampler (3-inch outer diameter and 2-
3/8-inch inner diameter) are utilized in our investigation. The penetration resistance is recorded on
the boring logs as the number of hammer blows used to advance the sampler in 6-inch increments
(or less if noted). The samplers are driven with an automatic hammer that drops a 140-pound weight
30 inches for each blow. After the required seating, samplers are advanced up to 18 inches,
providing up to three sets of blowcounts at each sampling interval. The sampling depths, penetration
distances, and other sampling information are recorded on the field boring logs. The recorded blows
are raw numbers without any corrections for hammer type (automatic vs. manual cathead) or
sampler size (ring sampler vs. SPT sampler). Relatively undisturbed and bulk samples of the soils
encountered are placed in sealed containers and returned to the laboratory for testing and
evaluation.

We observe and record groundwater levels during drilling and sampling. For safety purposes, all
borings are backfilled with auger cuttings after their completion.Prel

im
ina

ry



Responsive ■ Resourceful ■ Reliable

The test pits for infiltration testing were excavated using a small backhoe.  Soil was excavated in a
5-foot by 5-foot square area and to a depth of approximately 5 feet.  The excavated material was
stockpiled and used to backfill the pit upon completion of testing.

Our exploration team prepares field boring logs as part of the drilling operations. These field logs
include visual classifications of the materials encountered during drilling and our interpretation of
the subsurface conditions between samples. Final boring logs are prepared from the field logs. The
final boring logs represent the Geotechnical Engineer's interpretation of the field logs and include
modifications based on observations and tests of the samples in our laboratory.

Infiltration Testing (Storm Water)

Two double-ring infiltration tests were performed at the proposed basin area within the excavated
test pits. The field infiltration test program consists of the following:

Number of Test
Borings Test Pit Depth (feet) 1 Location

2 (DR 1 and DR 2) 5 See Exploration Plan
1. Below ground surface

Utilizing the double-ring infiltrometer method described in ASTM D 3385, testing was performed
at the locations indicated on Exploration Plan. Based on observations in the excavations utilized
for infiltrometer testing, the soil profile within the site generally consists of silty clayey sand.

The double-ring infiltration tests were performed by driving two open aluminum rings into the
bottom of excavated test pits, one inside of the other. A tamping rod was used to compact
disturbed soils adjacent to the rings. The rings were partially filled with water to equal depths. The
water was maintained at a constant level using a float valve and water source for each ring. The
volume of water added to the inner and outer rings was recorded at timed intervals. The graduated
cylinder corresponding to the inner ring is readable in increments of 25 mL. These data were used
to calculate the infiltration rate of the soil. The infiltration test was performed until a relatively
steady- state infiltration velocity was reached.

Laboratory Testing

The project engineer reviewed the field data and assigned laboratory tests to understand the
engineering properties of the various soil strata, as necessary, for this project. Procedural
standards noted below are for reference to methodology in general. In some cases, variations to
methods were applied because of local practice or professional judgment. Standards noted below
include reference to other, related standards. Such references are not necessarily applicable to
describe the specific test performed.

n Water (Moisture) Content of Soil by Mass
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n Laboratory Determination of Density (Unit Weight) of Soil Specimens
n Particle-Size Distribution (Gradation) of Soils Using Sieve Analysis
n Modified Proctor test
n Hydro-consolidation
n Atterberg limits
n Corrosivity suite test

The laboratory testing program often included examination of soil samples by an engineer. Based
on the material’s texture and plasticity, we described and classified the soil samples in accordance
with the Unified Soil Classification System.
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SITE LOCATION AND EXPLORATION PLANS
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SITE LOCATION
Patterson Avenue Industrial Center ■ Perris, Riverside County, California
July 27, 2021 ■ Terracon Project No. CB215068

Note to Preparer: This is a large table with outside borders. Just click inside the table
above this text box, then paste your GIS Toolbox image.

When paragraph markers are turned on you may notice a line of hidden text above and
outside the table – please leave that alone. Limit editing to inside the table.

The line at the bottom about the general location is a separate table line. You can edit
it as desired, but try to keep to a single line of text to avoid reformatting the page.

MAP 1 PORTRA IT

DIAGRAM IS FOR GENERAL LOCATION ONLY, AND IS NOT INTENDED FOR CONSTRUCTION PURPOSES MAP PROVIDED BY MICROSOFT BING MAPS
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EXPLORATION PLAN
Patterson Avenue Industrial Center ■ Perris, Riverside County, California
July 27, 2021 ■ Terracon Project No. CB215068
MAP 2 LANDSCAPE

DIAGRAM IS FOR GENERAL LOCATION ONLY, AND IS NOT INTENDED FOR CONSTRUCTION PURPOSES MAP PROVIDED BY MICROSOFT BING MAPSPrel
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SANDY LEAN CLAY (CL), dark reddish brown, very stiff

SILTY CLAYEY SAND (SC-SM), fine to coarse grained,
orange, very dense

medium dense

SANDY LEAN CLAY (CL), grayish brown, very stiff

LEAN CLAY (CL), orange, very stiff

2" sandy clay lens at 16.25'

SANDY SILTY CLAY (CL-ML), grayish brown, stiff, with
mineralization

Boring Terminated at 21.5 Feet
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Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-1
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-30-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-30-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered

S
A

M
P

LE
 T

Y
P

E

Prel
im

ina
ry



5-10-18

20-50/4"

11-18-21

11-25-32

14-19-16
N=35

5-7-8
N=15

59

42

41

49

44

26

8

9

8

7

127

131

127

131

SANDY LEAN CLAY (CL), dark reddish brown, very stiff,
with mineralization
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medium dense

dark reddish brown

grayish brown, with mineralization

dense, 3" silt lens at 15'

SILT (ML), orange, stiff

SILTY SAND (SM), fine to coarse grained, orange, medium
dense
Boring Terminated at 21.5 Feet
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Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-2
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-30-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-30-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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3-5-9

23-50/6"

36-41-41
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6-13-16
N=29

10-17-23
N=40
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53

32
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SANDY LEAN CLAY (CL), dark reddish brown, stiff

SANDY SILT (ML), orange, hard

SILTY CLAYEY SAND (SC-SM), orange, dense

brown

SANDY LEAN CLAY (CL), brown, very stiff, with
mineralization

hard, with 3" silty sand lens at 20'

Boring Terminated at 21.5 Feet

4.5

7.0

13.0

21.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Page 1 of 1

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-3
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-29-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-29-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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9-36-50/3"

50/6"

11-13-13
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3-6-12
N=18

4-5-6
N=11
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114

SANDY ELASTIC SILT (ML), orange, hard

SILTY CLAYEY SAND (SC-SM), fine to coarse grained,
orange, very dense

medium dense

loose

medium dense

SANDY SILTY CLAY (CL-ML), grayish brown, very stiff

SILTY SAND (SM), fine to coarse grained, grayish brown,
medium dense

4.5

16.5

23.0

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Page 1 of 2

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-4
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-30-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-30-2021

1355 E Cooley Dr, Ste C
Colton, CA

While sampling

At completion of drilling

WATER LEVEL OBSERVATIONS
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8-13-16
N=29

7-11-16
N=27

11-21-25
N=46

12-18-25
N=43

18-28-34
N=62

19

17

19

19

26

SILTY SAND (SM), fine to coarse grained, grayish brown,
medium dense (continued)

medium to coarse grained, reddish brown, strong cementation

dense

very dense

Boring Terminated at 51.5 Feet
51.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Latitude: 33.8642° Longitude: -117.2541°
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Page 2 of 2

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-4
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-30-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-30-2021

1355 E Cooley Dr, Ste C
Colton, CA

While sampling

At completion of drilling

WATER LEVEL OBSERVATIONS
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5-13-21

15-31-50/4"

21-36-50/5"

15-26-37

9-15-16
N=31

9-9-10
N=19

3-6-8
N=14

55

47

48

45

44

39

59

8

22

7

7

129

108

131

129

31-16-15

23-16-7

27-20-7

SANDY LEAN CLAY (CL), dark reddish brown, very stiff

SILTY CLAYEY SAND (SC-SM), fine to coarse grained, dark
reddish brown, very dense, with mineralization

orange

dense

medium dense

SANDY SILTY CLAY (CL-ML), grayish brown, stiff

4.0

21.5

26.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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LOCATION See Exploration Plan

Latitude: 33.8641° Longitude: -117.2534°

G
R

A
P

H
IC

 L
O

G

DEPTH

Page 1 of 2

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-5
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-30-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-30-2021

1355 E Cooley Dr, Ste C
Colton, CA

While drilling

At completion of drilling

WATER LEVEL OBSERVATIONS
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ry



12-17-24
N=41

13-20-25
N=45

15-20-35
N=55

15-22-32
N=54

16-25-31
N=56

17

20

17

19

18

SILTY SAND (SM), medium to coarse grained, reddish
brown, dense, strong cementation (continued)

sandy clay lens at 36.5'

very dense

Boring Terminated at 51.5 Feet
51.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Page 2 of 2

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-5
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-30-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-30-2021

1355 E Cooley Dr, Ste C
Colton, CA

While drilling

At completion of drilling

WATER LEVEL OBSERVATIONS
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16-40-50/2"

33-50/2"

17-21-23

11-10-10

5-11-16
N=27

4-6-10
N=16

5

6

5

4

97

102

134

109

SANDY SILT (ML), orange, hard, with mineralization

SILTY CLAYEY SAND (SC-SM), fine to coarse grained,
orange, very dense

medium dense

SANDY SILT (ML), orange, very stiff

SILTY SAND (SM), fine to medium grained, brown, medium
dense

grayish brown

Boring Terminated at 21.5 Feet

5.5

9.5

13.0

21.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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G
R

A
P

H
IC

 L
O

G

DEPTH

Page 1 of 1

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-6
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-29-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-29-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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14-29-50/3"

33-50/3"

23-50/5"

16-20-21

4-5-7
N=12

6-10-12
N=22

55

49

40

56

17

49

SANDY SILT (ML), orange, hard, with mineralization

SILTY CLAYEY SAND (SC-SM), fine to medium grained,
orange, very dense

SANDY SILT (ML), orange, very stiff

SILTY SAND (SM), fine to medium grained, brown, medium
dense

SANDY SILTY CLAY (CL-ML), grayish brown, very stiff
3" silty sand lens at 20'

Boring Terminated at 21.5 Feet

4.5

10.0

13.0

20.0

21.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Page 1 of 1

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-7
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-29-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-29-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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12-25-23

31-50/3"

15-50/6"

10-10-13

6-8-13
N=21

5-9-13
N=22

SANDY SILT (ML), orange, hard

SILTY CLAYEY SAND (SC-SM), fine to medium grained,
orange, very dense

SANDY LEAN CLAY (CL), brown, very stiff

SILTY SAND (SM), fine to coarse grained, brown, medium
dense

LEAN CLAY (CL), brown, very stiff

Boring Terminated at 21.5 Feet

4.5

10.0

13.0

16.0

21.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-8
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-29-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-29-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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11-11-14

7-11-12

46

SILTY SAND (SM), dark reddish brown, medium dense

Boring Terminated at 6.5 Feet
6.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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LOCATION See Exploration Plan

Latitude: 33.8642° Longitude: -117.2546°
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Page 1 of 1

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-9
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-30-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-30-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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5-7-29

50/6"

13-27-50/6"

23-26-34

SANDY LEAN CLAY (CL), dark reddish brown, very stiff

SILTY CLAYEY SAND (SC-SM), orange, very dense

dense

Boring Terminated at 11.5 Feet

4.0

11.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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LOCATION See Exploration Plan

Latitude: 33.864° Longitude: -117.2547°
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Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-10
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-30-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-30-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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22-33-50/6"

50/6"

22-37-50/5"

15-37-42

SILTY CLAYEY SAND (SC-SM), fine to medium grained,
orange, very dense, with mineralization

SANDY LEAN CLAY (CL), dark reddish brown, hard

Boring Terminated at 11.5 Feet

7.0

11.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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LOCATION See Exploration Plan

Latitude: 33.8636° Longitude: -117.2543°
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Page 1 of 1

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-11
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-29-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-29-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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17-31-50/4"

50/6"

19-33-44

7-10-16

SILTY CLAYEY SAND (SC-SM), fine to medium grained,
reddish brown, very dense, with mineralization

SANDY SILT (ML), reddish brown, very stiff

Boring Terminated at 11.5 Feet

9.5

11.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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LOCATION See Exploration Plan

Latitude: 33.8636° Longitude: -117.2537°
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Page 1 of 1

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-12
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-29-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-29-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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8-9-11

5-9-10
N=19

SANDY LEAN CLAY (CL), dark reddish brown, very stiff

SILTY SAND (SM), dark reddish brown, medium dense

Boring Terminated at 6.5 Feet

4.0

6.5

Hammer Type:  AutomaticStratification lines are approximate. In-situ, the transition may be gradual.
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Latitude: 33.8641° Longitude: -117.2528°
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Page 1 of 1

Advancement Method:
6" Hollow-Stem Auger

Abandonment Method:
Boring backfilled with auger cuttings upon completion.

Notes:

Project No.: CB215068

Drill Rig: B-61

BORING LOG NO. B-13
CGU Capital ManagementCLIENT:
San Pedro, CA

Driller: California Pacific Drilling

Boring Completed: 07-30-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Boring Started: 07-30-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
Groundwater not encountered
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27

SILTY CLAYEY SAND (SC-SM), orange

Test Pit Terminated at 5 Feet
5.0

Stratification lines are approximate. In-situ, the transition may be gradual.
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Page 1 of 1

Advancement Method:

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

Notes:

Project No.: CB215068

Excavator: Backhoe

 TEST PIT LOG NO. DR-1
CGU Capital ManagementCLIENT:
San Pedro, CA

Operator: California Pacific Drilling

Test Pit Completed: 07-29-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Test Pit Started: 07-29-2021

1355 E Cooley Dr, Ste C
Colton, CA

WATER LEVEL OBSERVATIONS
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47

SILTY CLAYEY SAND (SC-SM), orange

Test Pit Terminated at 5 Feet
5.0

Stratification lines are approximate. In-situ, the transition may be gradual.
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Advancement Method:

Abandonment Method:
Boring backfilled with soil cuttings upon completion.

Notes:

Project No.: CB215068

Excavator: Backhoe

 TEST PIT LOG NO. DR-2
CGU Capital ManagementCLIENT:
San Pedro, CA

Operator: California Pacific Drilling

Test Pit Completed: 07-29-2021

PROJECT:  CGU:  Patterson Avenue Industrial Center

See Exploration and Testing Procedures for a
description of field and laboratory procedures used
and additional data (If any).

See Supporting Information for explanation of
symbols and abbreviations.

                    Patterson Ave. & Nandina Ave.
                    Perris, CA
SITE:

Test Pit Started: 07-29-2021

1355 E Cooley Dr, Ste C
Colton, CA
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DATE:  

ATTENTION: Tom Remmel
     

TO:

     

SUBJECT:

     

COMMENTS:

James T. Keegan, MD
Corrosion and Lab Services Section Manager

TRANSMITTAL  LETTER

Patterson Ave Ind. Center

Enclosed are the results for the subject project.  

1355 East Cooley Drive, Suite C

Laboratory Test Data

Colton, CA 92324

July 21, 2021

Your #CB215068, HDR Lab #21-0631LAB

Terracon

431 West Baseline Road ∙ Claremont, CA 91711
Phone: 909.962.5485 ∙ Fax: 909.626.3316
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Sample ID

B-3 @ 0-5'

Resistivity Units
as-received ohm-cm 13,200
saturated ohm-cm 2,400

pH 7.6

Electrical

Conductivity mS/cm 0.12

Chemical Analyses

Cations

calcium   Ca2+ mg/kg 46

magnesium Mg2+ mg/kg 14

sodium Na1+ mg/kg 93

potassium K1+ mg/kg 6.5
ammonium NH4

1+ mg/kg ND

Anions
carbonate CO3

2- mg/kg ND

bicarbonate HCO3
1-mg/kg 268

fluoride F1- mg/kg 18

chloride Cl1- mg/kg 11
sulfate SO4

2- mg/kg 64

nitrate NO3
1- mg/kg 36

phosphate PO4
3- mg/kg ND

Other Tests

sulfide S2- qual na

Redox mV na

Resistivity per ASTM G187, pH per ASTM G51, 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.

mg/kg = milligrams per kilogram (parts per million) of dry soil.

Redox = oxidation-reduction potential in millivolts

ND = not detected

na = not analyzed

Table 1 - Laboratory Tests on Soil Samples

Patterson Ave Ind. Center
Your #CB215068, HDR Lab #21-0631LAB

21-Jul-21

Terracon

431 West Baseline Road ∙ Claremont, CA 91711
Phone: 909.962.5485 ∙ Fax: 909.626.3316 Page 2 of 2
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Double Ring Infiltrometer Test Data Log (DR-1)
Job No. Test Location: DR-1 Date 6/30/2021 Tested by: GA Depth: 5'

Interval No. Start or
End Time Elapsed Time

(min)
Total Time

(min)
Inner Ring
Level (cm3)

Annular
Space (cm3)

Time (hr)
Incremental
Infiltration

(cm/hr)

Incremental
Infiltration

(in/hr)

Annular
Space

Incremental
Infiltration

(cm/hr)

Annular
Space

Incremental
Infiltration

(in/hr)
Start 8:35 AM 0 0
End 8:50 AM 125 350
Start 8:50 AM 0 0
End 9:05 AM 100 250
Start 9:05 AM 0 0
End 9:20 AM 75 200
Start 9:20 AM 0 0
End 9:35 AM 75 150
Start 9:35 AM 0 0
End 10:05 AM 125 300
Start 10:05 AM 0 0
End 10:35 AM 100 250
Start 10:35 AM 0 0
End 11:05 AM 75 300
Start 11:05 AM 0 0
End 11:35 AM 100 300
Start 11:35 AM 0 0
End 12:05 PM 100 300
Start 12:05 PM 0 0
End 12:35 PM 75 250
Start 12:35 PM 0 0
End 1:05 PM 75 300
Start 1:05 PM 0 0
End 1:35 PM 50 250
Start 1:35 PM 0 0
End 2:05 PM 50 250
Start 2:05 PM 0 0
End 2:35 PM 50 250

(Inches/hour)

(cm/hour)Average Rate: 0.16

0.23 0.09

Average Rate: 0.06

14 30 360.0 0.50 0.14 0.05

0.23 0.09

13 30 330.0 0.50 0.14 0.05 0.23 0.09

12 30 300.0 0.50 0.14 0.05

0.23 0.09

11 30 270.0 0.50 0.21 0.08 0.27 0.11

10 30 240.0 0.50 0.21 0.08

0.27 0.11

9 30 210.0 0.50 0.27 0.11 0.27 0.11

8 30 180.0 0.50 0.27 0.11

0.23 0.09

7 30 150.0 0.50 0.21 0.08 0.27 0.11

6 30 120.0 0.50 0.27 0.11

0.27 0.11

5 30 90.0 0.50 0.34 0.13 0.27 0.11

4 15 60.0 0.25 0.41 0.16

0.46 0.18

3 15 45.0 0.25 0.41 0.16 0.37 0.14

2 15 30.0 0.25 0.55 0.22

CGU Patterson Ave

CB215068

1 15 15.0 0.25 0.69 0.27 0.64 0.25
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Double Ring Infiltrometer Test Data Log (DR-2)
Job No. Test Location: DR-2 Date 6/30/2021 Tested by: GA Depth: 5'

Interval No. Start or
End Time Elapsed Time

(min)
Total Time

(min)
Inner Ring
Level (cm3)

Annular
Space (cm3)

Time (hr)
Incremental
Infiltration

(cm/hr)

Incremental
Infiltration

(in/hr)

Annular
Space

Incremental
Infiltration

(cm/hr)

Annular
Space

Incremental
Infiltration

(in/hr)
Start 8:15 AM 0 0
End 8:30 AM 75 250
Start 8:30 AM 0 0
End 8:45 AM 50 200
Start 8:45 AM 0 0
End 9:00 AM 50 150
Start 9:00 AM 0 0
End 9:15 AM 50 100
Start 9:15 AM 0 0
End 9:45 AM 75 250
Start 9:45 AM 0 0
End 10:15 AM 75 200
Start 10:15 AM 0 0
End 10:45 AM 50 200
Start 10:45 AM 0 0
End 11:15 AM 75 200
Start 11:15 AM 0 0
End 11:45 AM 50 150
Start 11:45 AM 0 0
End 12:15 PM 50 100
Start 12:15 PM 0 0
End 12:45 PM 75 100
Start 12:45 PM 0 0
End 1:15 PM 75 100
Start 1:15 PM 0 0
End 1:45 PM 50 50
Start 1:45 PM 0 0
End 2:15 PM 75 100

(Inches/hour)

(cm/hour)

14 30 360.0 0.50 0.21 0.08 0.09 0.04

Average Rate:

Average Rate: 0.07

0.18

CB215068

1 15 15.0 0.25 0.41 0.16 0.46

3 15 45.0 0.25 0.27 0.11 0.27

5 30 90.0 0.50 0.21 0.08 0.23

0.18

2 15 30.0 0.25 0.27 0.11 0.37 0.14

0.11

4 15 60.0 0.25 0.27 0.11 0.18 0.07

0.09

0.05

6 30 120.0 0.50 0.21 0.08 0.18 0.07

7 30 150.0 0.50 0.14 0.05 0.18 0.07

0.02

10 30 240.0 0.50 0.14 0.05 0.09 0.04

11 30 270.0 0.50 0.21 0.08 0.09 0.04

13 30 330.0 0.50 0.14 0.05 0.05

CGU Patterson Ave

12 30 300.0 0.50 0.21 0.08 0.09 0.04

8 30 180.0 0.50 0.21 0.08 0.18 0.07

9 30 210.0 0.50 0.14 0.05 0.14
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UNIFIED SOIL CLASSIFICATION SYSTEM

UNIFIED SOI L CLASSI FICATI ON SYSTEM

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests A
Soil Classification

Group
Symbol Group Name B

Coarse-Grained Soils:
More than 50% retained
on No. 200 sieve

Gravels:
More than 50% of
coarse fraction
retained on No. 4 sieve

Clean Gravels:
Less than 5% fines C

Cu ³ 4 and 1 £ Cc £ 3 E GW Well-graded gravel F

Cu < 4 and/or [Cc<1 or Cc>3.0] E GP Poorly graded gravel F

Gravels with Fines:
More than 12% fines C

Fines classify as ML or MH GM Silty gravel F, G, H

Fines classify as CL or CH GC Clayey gravel F, G, H

Sands:
50% or more of coarse
fraction passes No. 4
sieve

Clean Sands:
Less than 5% fines D

Cu ³ 6 and 1 £ Cc £ 3 E SW Well-graded sand I

Cu < 6 and/or [Cc<1 or Cc>3.0] E SP Poorly graded sand I

Sands with Fines:
More than 12% fines D

Fines classify as ML or MH SM Silty sand G, H, I

Fines classify as CL or CH SC Clayey sand G, H, I

Fine-Grained Soils:
50% or more passes the
No. 200 sieve

Silts and Clays:
Liquid limit less than 50

Inorganic:
PI > 7 and plots on or above “A”
line J

CL Lean clay K, L, M

PI < 4 or plots below “A” line J ML Silt K, L, M

Organic:
Liquid limit - oven dried

< 0.75 OL Organic clay K, L, M, N

Liquid limit - not dried Organic silt K, L, M, O

Silts and Clays:
Liquid limit 50 or more

Inorganic:
PI plots on or above “A” line CH Fat clay K, L, M

PI plots below “A” line MH Elastic Silt K, L, M

Organic:
Liquid limit - oven dried

< 0.75 OH Organic clay K, L, M, P

Liquid limit - not dried Organic silt K, L, M, Q

Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat
A Based on the material passing the 3-inch (75-mm) sieve.
B If field sample contained cobbles or boulders, or both, add “with cobbles

or boulders, or both” to group name.
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly
graded gravel with silt, GP-GC poorly graded gravel with clay.

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded
sand with silt, SP-SC poorly graded sand with clay.

E Cu = D60/D10     Cc =
6010

2
30

DxD

)(D

F If soil contains ³ 15% sand, add “with sand” to group name.
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.

H If fines are organic, add “with organic fines” to group name.
I If soil contains ³ 15% gravel, add “with gravel” to group name.
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with

gravel,” whichever is predominant.
L If soil contains ³ 30% plus No. 200 predominantly sand, add

“sandy” to group name.
MIf soil contains ³ 30% plus No. 200, predominantly gravel, add

“gravelly” to group name.
NPI ³ 4 and plots on or above “A” line.
OPI < 4 or plots below “A” line.
P PI plots on or above “A” line.
QPI plots below “A” line.
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 

2



alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.

8



9

Custom Soil Resource Report
Soil Map

37
47

04
0

37
47

06
0

37
47

08
0

37
47

10
0

37
47

12
0

37
47

14
0

37
47

16
0

37
47

18
0

37
47

04
0

37
47

06
0

37
47

08
0

37
47

10
0

37
47

12
0

37
47

14
0

37
47

16
0

37
47

18
0

476430 476450 476470 476490 476510 476530 476550 476570 476590 476610 476630 476650

476430 476450 476470 476490 476510 476530 476550 476570 476590 476610 476630 476650

33°  51' 53'' N
11

7°
  1

5'
 1

8'
' W

33°  51' 53'' N

11
7°

  1
5'

 8
'' W

33°  51' 47'' N

11
7°

  1
5'

 1
8'

' W

33°  51' 47'' N

11
7°

  1
5'

 8
'' W

N

Map projection: Web Mercator   Corner coordinates: WGS84   Edge tics: UTM Zone 11N WGS84
0 50 100 200 300

Feet
0 15 30 60 90

Meters
Map Scale: 1:1,120 if printed on A landscape (11" x 8.5") sheet.

Soil Map may not be valid at this scale.



MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:15,800.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Western Riverside Area, California
Survey Area Data: Version 14, Sep 13, 2021

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Nov 23, 2020—Feb 
6, 2021

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Custom Soil Resource Report
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

EpA Exeter sandy loam, deep, 0 to 2 
percent slopes

5.1 99.0%

PaA Pachappa fine sandy loam, 0 to 
2 percent slopes

0.1 1.0%

Totals for Area of Interest 5.1 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
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onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Western Riverside Area, California

EpA—Exeter sandy loam, deep, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hctk
Elevation: 300 to 700 feet
Mean annual precipitation: 7 to 15 inches
Mean annual air temperature: 64 degrees F
Frost-free period: 250 to 300 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Exeter and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Exeter

Setting
Landform: Alluvial fans
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite

Typical profile
H1 - 0 to 16 inches: sandy loam
H2 - 16 to 37 inches: sandy clay loam
H3 - 37 to 50 inches: indurated
H4 - 50 to 60 inches: stratified sandy loam to silt loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: 35 to 60 inches to duripan
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Very low (0.00 to 0.00 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Rare
Frequency of ponding: None
Calcium carbonate, maximum content: 1 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 5.3 inches)

Interpretive groups
Land capability classification (irrigated): 2s
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: C
Ecological site: R019XD029CA - LOAMY
Hydric soil rating: No

Custom Soil Resource Report
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Minor Components

Greenfield
Percent of map unit: 5 percent
Hydric soil rating: No

Monserate
Percent of map unit: 5 percent
Hydric soil rating: No

Ramona
Percent of map unit: 5 percent
Hydric soil rating: No

PaA—Pachappa fine sandy loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hcxn
Elevation: 1,000 feet
Mean annual precipitation: 14 inches
Mean annual air temperature: 63 degrees F
Frost-free period: 270 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Pachappa and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Pachappa

Setting
Landform: Alluvial fans
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite

Typical profile
H1 - 0 to 20 inches: fine sandy loam
H2 - 20 to 63 inches: loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Rare

Custom Soil Resource Report

14



Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 9.0 inches)

Interpretive groups
Land capability classification (irrigated): 1
Land capability classification (nonirrigated): 3c
Hydrologic Soil Group: B
Ecological site: R019XD029CA - LOAMY
Hydric soil rating: No

Minor Components

Hanford
Percent of map unit: 5 percent
Hydric soil rating: No

Greenfield
Percent of map unit: 5 percent
Hydric soil rating: No

San emigdio
Percent of map unit: 5 percent
Hydric soil rating: No

Custom Soil Resource Report
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Soil Information for All Uses

Soil Properties and Qualities
The Soil Properties and Qualities section includes various soil properties and 
qualities displayed as thematic maps with a summary table for the soil map units in 
the selected area of interest. A single value or rating for each map unit is generated 
by aggregating the interpretive ratings of individual map unit components. This 
aggregation process is defined for each property or quality.

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly 
measured, but are inferred from observations of dynamic conditions and from soil 
properties. Example soil qualities include natural drainage, and frost action. Soil 
features are attributes that are not directly part of the soil. Example soil features 
include slope and depth to restrictive layer. These features can greatly impact the 
use and management of the soil.

Hydrologic Soil Group

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive precipitation 
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly 
wet. These consist mainly of deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well drained 
soils that have moderately fine texture to moderately coarse texture. These soils 
have a moderate rate of water transmission.

16



Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of water 
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay layer at 
or near the surface, and soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in their 
natural condition are in group D are assigned to dual classes.

Custom Soil Resource Report
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Lines
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Points
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:15,800.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Western Riverside Area, California
Survey Area Data: Version 14, Sep 13, 2021

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Nov 23, 2020—Feb 
6, 2021

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Table—Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

EpA Exeter sandy loam, 
deep, 0 to 2 percent 
slopes

C 5.1 99.0%

PaA Pachappa fine sandy 
loam, 0 to 2 percent 
slopes

B 0.1 1.0%

Totals for Area of Interest 5.1 100.0%

Rating Options—Hydrologic Soil Group

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Custom Soil Resource Report
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Soil Reports
The Soil Reports section includes various formatted tabular and narrative reports 
(tables) containing data for each selected soil map unit and each component of 
each unit. No aggregation of data has occurred as is done in reports in the Soil 
Properties and Qualities and Suitabilities and Limitations sections.

The reports contain soil interpretive information as well as basic soil properties and 
qualities. A description of each report (table) is included.

Soil Physical Properties

This folder contains a collection of tabular reports that present soil physical 
properties. The reports (tables) include all selected map units and components for 
each map unit. Soil physical properties are measured or inferred from direct 
observations in the field or laboratory. Examples of soil physical properties include 
percent clay, organic matter, saturated hydraulic conductivity, available water 
capacity, and bulk density.

Physical Soil Properties

This table shows estimates of some physical characteristics and features that affect 
soil behavior. These estimates are given for the layers of each soil in the survey 
area. The estimates are based on field observations and on test data for these and 
similar soils.

Depth to the upper and lower boundaries of each layer is indicated.

Particle size is the effective diameter of a soil particle as measured by 
sedimentation, sieving, or micrometric methods. Particle sizes are expressed as 
classes with specific effective diameter class limits. The broad classes are sand, 
silt, and clay, ranging from the larger to the smaller.

Sand as a soil separate consists of mineral soil particles that are 0.05 millimeter to 2 
millimeters in diameter. In this table, the estimated sand content of each soil layer is 
given as a percentage, by weight, of the soil material that is less than 2 millimeters 
in diameter.

Silt as a soil separate consists of mineral soil particles that are 0.002 to 0.05 
millimeter in diameter. In this table, the estimated silt content of each soil layer is 
given as a percentage, by weight, of the soil material that is less than 2 millimeters 
in diameter.

Clay as a soil separate consists of mineral soil particles that are less than 0.002 
millimeter in diameter. In this table, the estimated clay content of each soil layer is 
given as a percentage, by weight, of the soil material that is less than 2 millimeters 
in diameter.

The content of sand, silt, and clay affects the physical behavior of a soil. Particle 
size is important for engineering and agronomic interpretations, for determination of 
soil hydrologic qualities, and for soil classification.
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The amount and kind of clay affect the fertility and physical condition of the soil and 
the ability of the soil to adsorb cations and to retain moisture. They influence shrink-
swell potential, saturated hydraulic conductivity (Ksat), plasticity, the ease of soil 
dispersion, and other soil properties. The amount and kind of clay in a soil also 
affect tillage and earthmoving operations.

Moist bulk density is the weight of soil (ovendry) per unit volume. Volume is 
measured when the soil is at field moisture capacity, that is, the moisture content at 
1/3- or 1/10-bar (33kPa or 10kPa) moisture tension. Weight is determined after the 
soil is dried at 105 degrees C. In the table, the estimated moist bulk density of each 
soil horizon is expressed in grams per cubic centimeter of soil material that is less 
than 2 millimeters in diameter. Bulk density data are used to compute linear 
extensibility, shrink-swell potential, available water capacity, total pore space, and 
other soil properties. The moist bulk density of a soil indicates the pore space 
available for water and roots. Depending on soil texture, a bulk density of more than 
1.4 can restrict water storage and root penetration. Moist bulk density is influenced 
by texture, kind of clay, content of organic matter, and soil structure.

Saturated hydraulic conductivity (Ksat) refers to the ease with which pores in a 
saturated soil transmit water. The estimates in the table are expressed in terms of 
micrometers per second. They are based on soil characteristics observed in the 
field, particularly structure, porosity, and texture. Saturated hydraulic conductivity 
(Ksat) is considered in the design of soil drainage systems and septic tank 
absorption fields.

Available water capacity refers to the quantity of water that the soil is capable of 
storing for use by plants. The capacity for water storage is given in inches of water 
per inch of soil for each soil layer. The capacity varies, depending on soil properties 
that affect retention of water. The most important properties are the content of 
organic matter, soil texture, bulk density, and soil structure. Available water capacity 
is an important factor in the choice of plants or crops to be grown and in the design 
and management of irrigation systems. Available water capacity is not an estimate 
of the quantity of water actually available to plants at any given time.

Linear extensibility refers to the change in length of an unconfined clod as moisture 
content is decreased from a moist to a dry state. It is an expression of the volume 
change between the water content of the clod at 1/3- or 1/10-bar tension (33kPa or 
10kPa tension) and oven dryness. The volume change is reported in the table as 
percent change for the whole soil. The amount and type of clay minerals in the soil 
influence volume change.

Linear extensibility is used to determine the shrink-swell potential of soils. The 
shrink-swell potential is low if the soil has a linear extensibility of less than 3 
percent; moderate if 3 to 6 percent; high if 6 to 9 percent; and very high if more than 
9 percent. If the linear extensibility is more than 3, shrinking and swelling can cause 
damage to buildings, roads, and other structures and to plant roots. Special design 
commonly is needed.

Organic matter is the plant and animal residue in the soil at various stages of 
decomposition. In this table, the estimated content of organic matter is expressed 
as a percentage, by weight, of the soil material that is less than 2 millimeters in 
diameter. The content of organic matter in a soil can be maintained by returning 
crop residue to the soil.

Organic matter has a positive effect on available water capacity, water infiltration, 
soil organism activity, and tilth. It is a source of nitrogen and other nutrients for 
crops and soil organisms.
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Erosion factors are shown in the table as the K factor (Kw and Kf) and the T factor. 
Erosion factor K indicates the susceptibility of a soil to sheet and rill erosion by 
water. Factor K is one of six factors used in the Universal Soil Loss Equation 
(USLE) and the Revised Universal Soil Loss Equation (RUSLE) to predict the 
average annual rate of soil loss by sheet and rill erosion in tons per acre per year. 
The estimates are based primarily on percentage of silt, sand, and organic matter 
and on soil structure and Ksat. Values of K range from 0.02 to 0.69. Other factors 
being equal, the higher the value, the more susceptible the soil is to sheet and rill 
erosion by water.

Erosion factor Kw indicates the erodibility of the whole soil. The estimates are 
modified by the presence of rock fragments.

Erosion factor Kf indicates the erodibility of the fine-earth fraction, or the material 
less than 2 millimeters in size.

Erosion factor T is an estimate of the maximum average annual rate of soil erosion 
by wind and/or water that can occur without affecting crop productivity over a 
sustained period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have similar properties affecting 
their susceptibility to wind erosion in cultivated areas. The soils assigned to group 1 
are the most susceptible to wind erosion, and those assigned to group 8 are the 
least susceptible. The groups are described in the "National Soil Survey Handbook."

Wind erodibility index is a numerical value indicating the susceptibility of soil to wind 
erosion, or the tons per acre per year that can be expected to be lost to wind 
erosion. There is a close correlation between wind erosion and the texture of the 
surface layer, the size and durability of surface clods, rock fragments, organic 
matter, and a calcareous reaction. Soil moisture and frozen soil layers also 
influence wind erosion.

Reference:
United States Department of Agriculture, Natural Resources Conservation Service. 
National soil survey handbook, title 430-VI. (http://soils.usda.gov)
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Three values are provided to identify the expected Low (L), Representative Value (R), and High (H).

Physical Soil Properties–Western Riverside Area, California

Map symbol 
and soil name

Depth Sand Silt Clay Moist 
bulk 

density

Saturated 
hydraulic 

conductivity

Available 
water 

capacity

Linear 
extensibility

Organic 
matter

Erosion 
factors

Wind 
erodibility 

group

Wind 
erodibility 

index
Kw Kf T

In Pct Pct Pct g/cc micro m/sec In/In Pct Pct

EpA—Exeter 
sandy loam, 
deep, 0 to 2 
percent 
slopes

Exeter 0-16 -66- -19- 10-15- 20 1.50-1.55-
1.60

4.00-9.00-14.00 0.10-0.12-0.1
3

0.0- 1.5- 2.9 0.5- 0.8- 
1.0

.20 .20 2 3 86

16-37 -54- -17- 22-29- 35 1.45-1.53-
1.60

1.40-2.70-4.00 0.14-0.16-0.1
7

3.0- 4.5- 5.9 0.0- 0.0- 
0.0

.24 .24

37-50 — — — — 0.00-0.00-0.01 — — —

50-60 -33- -57- 5-10- 15 1.50-1.58-
1.65

1.40-2.70-4.00 0.09-0.12-0.1
5

0.0- 1.5- 2.9 0.0- 0.0- 
0.0

.64 .64

PaA—
Pachappa 
fine sandy 
loam, 0 to 2 
percent 
slopes

Pachappa 0-20 -68- -21- 8-12- 15 1.55-1.60-
1.65

4.00-9.00-14.00 0.12-0.13-0.1
4

0.0- 1.5- 2.9 0.5- 0.8- 
1.0

.24 .24 5 3 86

20-63 -41- -37- 18-22- 25 1.45-1.50-
1.55

4.00-9.00-14.00 0.14-0.16-0.1
7

3.0- 4.5- 5.9 0.0- 0.0- 
0.0

.32 .32
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Riverside County Stormwater & Water Conservation Tracking Tool

http://rcstormwatertool.org/SWCTT

PROJECT LOCATION
SOIL TYPE 'B'







9

APPENDIX “C”

RATIONAL METHOD – Q10 & Q100
PRE-DEVELOPED CONDITION

RATIONAL METHOD – Q10 & Q100
POST-DEVELOPED CONDITION

STREET CAPACITY CALCULATIONS



Riverside County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0
Rational Hydrology Study        Date: 10/13/22

File:1412101PRE.out

------------------------------------------------------------------------
VALUED ENGINEERING, INC
1412101 PATTERSON BUSINESS CENTER
10-YEAR STORMEVENT
PRE-DEVELOPED

------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

 English (in-lb) Units used in input data file

------------------------------------------------------------------------

Program License Serial Number 6335

------------------------------------------------------------------------
Rational Method Hydrology Program based on
Riverside County Flood Control & Water Conservation District
1978 hydrology manual

Storm event (year) =   10.00 Antecedent Moisture Condition = 2

2 year, 1 hour precipitation =  0.384(In.)
100 year, 1 hour precipitation =  1.310(In.)

Storm event year =  10.0
Calculated rainfall intensity data:
1 hour intensity =  0.765(In/Hr)
Slope of intensity duration curve = 0.4900

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station        1.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   583.000(Ft.)
Top (of initial area) elevation =  1504.500(Ft.)
Bottom (of initial area) elevation =  1497.800(Ft.)
Difference in elevation =     6.700(Ft.)
Slope =    0.01149  s(percent)=       1.15
TC = k(0.300)*[(length^3)/(elevation change)]^0.2



Initial area time of concentration =    9.361 min.
Rainfall intensity =      1.901(In/Hr) for a    10.0 year storm
COMMERCIAL subarea type
Runoff Coefficient = 0.878
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      3.340(CFS)
Total initial stream area =        2.000(Ac.)
Pervious area fraction = 0.100

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.200 to Point/Station        1.300
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.878
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =     9.36 min.
Rainfall intensity =      1.901(In/Hr) for a    10.0 year storm
Subarea runoff =      4.409(CFS) for      2.640(Ac.)
Total runoff =      7.749(CFS) Total area =       4.640(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.300 to Point/Station        2.000
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.878
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =     9.36 min.
Rainfall intensity =      1.901(In/Hr) for a    10.0 year storm
Subarea runoff =      1.670(CFS) for      1.000(Ac.)
Total runoff =      9.419(CFS) Total area =       5.640(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.000 to Point/Station        2.100
**** SUBAREA FLOW ADDITION ****



______________________________________________________________________
UNDEVELOPED (poor cover) subarea
Runoff Coefficient = 0.808
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  86.00
Pervious area fraction =  1.000; Impervious fraction =  0.000
Time of concentration =     9.36 min.
Rainfall intensity =      1.901(In/Hr) for a    10.0 year storm
Subarea runoff =      7.402(CFS) for      4.820(Ac.)
Total runoff =     16.820(CFS) Total area =      10.460(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station        2.100
**** CONFLUENCE OF MINOR STREAMS ****
______________________________________________________________________
Along Main Stream number: 1 in normal stream number 1
Stream flow area =     10.460(Ac.)
Runoff from this stream =     16.820(CFS)
Time of concentration =    9.36 min.
Rainfall intensity =     1.901(In/Hr)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        6.000 to Point/Station        6.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   333.000(Ft.)
Top (of initial area) elevation =  1493.690(Ft.)
Bottom (of initial area) elevation =  1493.000(Ft.)
Difference in elevation =     0.690(Ft.)
Slope =    0.00207  s(percent)=       0.21
TC = k(0.530)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =   18.620 min.
Rainfall intensity =      1.357(In/Hr) for a    10.0 year storm
UNDEVELOPED (poor cover) subarea
Runoff Coefficient = 0.776
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  86.00
Pervious area fraction =  1.000; Impervious fraction =  0.000
Initial subarea runoff =      0.265(CFS)
Total initial stream area =        0.252(Ac.)
Pervious area fraction = 1.000

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        6.000 to Point/Station        6.100
**** CONFLUENCE OF MINOR STREAMS ****



______________________________________________________________________
Along Main Stream number: 1 in normal stream number 2
Stream flow area =      0.252(Ac.)
Runoff from this stream =      0.265(CFS)
Time of concentration =   18.62 min.
Rainfall intensity =     1.357(In/Hr)
Summary of stream data:

Stream   Flow rate      TC            Rainfall Intensity
 No.       (CFS)       (min)                 (In/Hr)

1       16.820      9.36                 1.901
2        0.265     18.62                 1.357
Largest stream flow has longer or shorter time of concentration
Qp =     16.820 + sum of

  Qa          Tb/Ta
   0.265 *    0.503 =      0.133

Qp =     16.954

Total of 2 streams to confluence:
Flow rates before confluence point:
      16.820       0.265
Area of streams before confluence:
       10.460        0.252
Results of confluence:
Total flow rate =     16.954(CFS)
Time of concentration =     9.361 min.
Effective stream area after confluence =     10.712(Ac.)
End of computations, total study area =           10.71 (Ac.)
The following figures may
be used for a unit hydrograph study of the same area.

Area averaged pervious area fraction(Ap) = 0.526
Area averaged RI index number =  77.0



Riverside County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0
Rational Hydrology Study        Date: 10/13/22

File:1412101PRE.out

------------------------------------------------------------------------
VALUED ENGINEERING, INC
1412101 PATTERSON BUSINESS CENTER
100-YEAR STORMEVENT
PRE-DEVELOPED

------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

 English (in-lb) Units used in input data file

------------------------------------------------------------------------

Program License Serial Number 6335

------------------------------------------------------------------------
Rational Method Hydrology Program based on
Riverside County Flood Control & Water Conservation District
1978 hydrology manual

Storm event (year) =  100.00 Antecedent Moisture Condition = 3

2 year, 1 hour precipitation =  0.384(In.)
100 year, 1 hour precipitation =  1.310(In.)

Storm event year = 100.0
Calculated rainfall intensity data:
1 hour intensity =  1.310(In/Hr)
Slope of intensity duration curve = 0.4900

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station        1.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   583.000(Ft.)
Top (of initial area) elevation =  1504.500(Ft.)
Bottom (of initial area) elevation =  1497.800(Ft.)
Difference in elevation =     6.700(Ft.)
Slope =    0.01149  s(percent)=       1.15
TC = k(0.300)*[(length^3)/(elevation change)]^0.2



Initial area time of concentration =    9.361 min.
Rainfall intensity =      3.256(In/Hr) for a   100.0 year storm
COMMERCIAL subarea type
Runoff Coefficient = 0.894
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      5.819(CFS)
Total initial stream area =        2.000(Ac.)
Pervious area fraction = 0.100

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.200 to Point/Station        1.300
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.894
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =     9.36 min.
Rainfall intensity =      3.256(In/Hr) for a   100.0 year storm
Subarea runoff =      7.681(CFS) for      2.640(Ac.)
Total runoff =     13.500(CFS) Total area =       4.640(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.300 to Point/Station        2.000
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.894
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =     9.36 min.
Rainfall intensity =      3.256(In/Hr) for a   100.0 year storm
Subarea runoff =      2.909(CFS) for      1.000(Ac.)
Total runoff =     16.409(CFS) Total area =       5.640(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.000 to Point/Station        2.100
**** SUBAREA FLOW ADDITION ****



______________________________________________________________________
UNDEVELOPED (poor cover) subarea
Runoff Coefficient = 0.879
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  94.40
Pervious area fraction =  1.000; Impervious fraction =  0.000
Time of concentration =     9.36 min.
Rainfall intensity =      3.256(In/Hr) for a   100.0 year storm
Subarea runoff =     13.788(CFS) for      4.820(Ac.)
Total runoff =     30.197(CFS) Total area =      10.460(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station        2.100
**** CONFLUENCE OF MINOR STREAMS ****
______________________________________________________________________
Along Main Stream number: 1 in normal stream number 1
Stream flow area =     10.460(Ac.)
Runoff from this stream =     30.197(CFS)
Time of concentration =    9.36 min.
Rainfall intensity =     3.256(In/Hr)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        6.000 to Point/Station        6.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   333.000(Ft.)
Top (of initial area) elevation =  1493.690(Ft.)
Bottom (of initial area) elevation =  1493.000(Ft.)
Difference in elevation =     0.690(Ft.)
Slope =    0.00207  s(percent)=       0.21
TC = k(0.530)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =   18.620 min.
Rainfall intensity =      2.324(In/Hr) for a   100.0 year storm
UNDEVELOPED (poor cover) subarea
Runoff Coefficient = 0.870
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  94.40
Pervious area fraction =  1.000; Impervious fraction =  0.000
Initial subarea runoff =      0.510(CFS)
Total initial stream area =        0.252(Ac.)
Pervious area fraction = 1.000

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        6.000 to Point/Station        6.100
**** CONFLUENCE OF MINOR STREAMS ****



______________________________________________________________________
Along Main Stream number: 1 in normal stream number 2
Stream flow area =      0.252(Ac.)
Runoff from this stream =      0.510(CFS)
Time of concentration =   18.62 min.
Rainfall intensity =     2.324(In/Hr)
Summary of stream data:

Stream   Flow rate      TC            Rainfall Intensity
 No.       (CFS)       (min)                 (In/Hr)

1       30.197      9.36                 3.256
2        0.510     18.62                 2.324
Largest stream flow has longer or shorter time of concentration
Qp =     30.197 + sum of

  Qa          Tb/Ta
   0.510 *    0.503 =      0.256

Qp =     30.453

Total of 2 streams to confluence:
Flow rates before confluence point:
      30.197       0.510
Area of streams before confluence:
       10.460        0.252
Results of confluence:
Total flow rate =     30.453(CFS)
Time of concentration =     9.361 min.
Effective stream area after confluence =     10.712(Ac.)
End of computations, total study area =           10.71 (Ac.)
The following figures may
be used for a unit hydrograph study of the same area.

Area averaged pervious area fraction(Ap) = 0.526
Area averaged RI index number =  77.0



Riverside County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0
Rational Hydrology Study        Date: 10/13/22

File:1412101PRO.out

------------------------------------------------------------------------
VALUED ENGINEERING, INC
1412101 PATTERSON BUSINESS CENTER
10-YEAR STORMEVENT
POST-DEVELOPED

------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

 English (in-lb) Units used in input data file

------------------------------------------------------------------------

Program License Serial Number 6335

------------------------------------------------------------------------
Rational Method Hydrology Program based on
Riverside County Flood Control & Water Conservation District
1978 hydrology manual

Storm event (year) =   10.00 Antecedent Moisture Condition = 2

Standard intensity-duration curves data (Plate D-4.1)
For the [ Perris Valley ] area used.
10 year storm 10 minute intensity =  1.880(In/Hr)
10 year storm 60 minute intensity =  0.780(In/Hr)
100 year storm 10 minute intensity =  2.690(In/Hr)
100 year storm 60 minute intensity =  1.120(In/Hr)

Storm event year =  10.0
Calculated rainfall intensity data:
1 hour intensity =  0.780(In/Hr)
Slope of intensity duration curve = 0.4900

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station        1.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   583.000(Ft.)
Top (of initial area) elevation =  1504.500(Ft.)



Bottom (of initial area) elevation =  1497.800(Ft.)
Difference in elevation =     6.700(Ft.)
Slope =    0.01149  s(percent)=       1.15
TC = k(0.300)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =    9.361 min.
Rainfall intensity =      1.938(In/Hr) for a    10.0 year storm
COMMERCIAL subarea type
Runoff Coefficient = 0.879
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      3.407(CFS)
Total initial stream area =        2.000(Ac.)
Pervious area fraction = 0.100

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.100 to Point/Station        1.300
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1496.800(Ft.)
Downstream point/station elevation =  1496.000(Ft.)
Pipe length  =   105.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     3.407(CFS)
Nearest computed pipe diameter  =     15.00(In.)
Calculated individual pipe flow  =     3.407(CFS)
Normal flow depth in pipe =    8.41(In.)
Flow top width inside pipe =   14.89(In.)
Critical Depth =    8.94(In.)
Pipe flow velocity =      4.81(Ft/s)
Travel time through pipe =    0.36 min.
Time of concentration (TC) =     9.72 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.200 to Point/Station        1.300
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.878
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =     9.72 min.
Rainfall intensity =      1.903(In/Hr) for a    10.0 year storm
Subarea runoff =      4.412(CFS) for      2.640(Ac.)
Total runoff =      7.819(CFS) Total area =       4.640(Ac.)



++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.300 to Point/Station        1.500
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1496.000(Ft.)
Downstream point/station elevation =  1495.600(Ft.)
Pipe length  =   196.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     7.819(CFS)
Nearest computed pipe diameter  =     24.00(In.)
Calculated individual pipe flow  =     7.819(CFS)
Normal flow depth in pipe =   15.73(In.)
Flow top width inside pipe =   22.81(In.)
Critical Depth =   11.94(In.)
Pipe flow velocity =      3.58(Ft/s)
Travel time through pipe =    0.91 min.
Time of concentration (TC) =    10.64 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.400 to Point/Station        1.500
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.878
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    10.64 min.
Rainfall intensity =      1.821(In/Hr) for a    10.0 year storm
Subarea runoff =      1.598(CFS) for      1.000(Ac.)
Total runoff =      9.417(CFS) Total area =       5.640(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.500 to Point/Station       30.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1495.600(Ft.)
Downstream point/station elevation =  1483.820(Ft.)
Pipe length  =   622.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     9.417(CFS)
Nearest computed pipe diameter  =     18.00(In.)
Calculated individual pipe flow  =     9.417(CFS)
Normal flow depth in pipe =   10.58(In.)
Flow top width inside pipe =   17.72(In.)
Critical Depth =   14.22(In.)
Pipe flow velocity =      8.71(Ft/s)
Travel time through pipe =    1.19 min.
Time of concentration (TC) =    11.83 min.



++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station       30.000
**** CONFLUENCE OF MINOR STREAMS ****
______________________________________________________________________
Along Main Stream number: 1 in normal stream number 1
Stream flow area =      5.640(Ac.)
Runoff from this stream =      9.417(CFS)
Time of concentration =   11.83 min.
Rainfall intensity =     1.729(In/Hr)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.000 to Point/Station       10.000
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   610.000(Ft.)
Top (of initial area) elevation =  1498.500(Ft.)
Bottom (of initial area) elevation =  1492.000(Ft.)
Difference in elevation =     6.500(Ft.)
Slope =    0.01066  s(percent)=       1.07
TC = k(0.300)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =    9.677 min.
Rainfall intensity =      1.907(In/Hr) for a    10.0 year storm
COMMERCIAL subarea type
Runoff Coefficient = 0.878
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      2.161(CFS)
Total initial stream area =        1.290(Ac.)
Pervious area fraction = 0.100

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.000 to Point/Station        2.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   467.000(Ft.)
Top (of initial area) elevation =  1498.500(Ft.)
Bottom (of initial area) elevation =  1495.500(Ft.)
Difference in elevation =     3.000(Ft.)
Slope =    0.00642  s(percent)=       0.64
TC = k(0.300)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =    9.622 min.
Rainfall intensity =      1.912(In/Hr) for a    10.0 year storm
COMMERCIAL subarea type
Runoff Coefficient = 0.879
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000



Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      3.595(CFS)
Total initial stream area =        2.140(Ac.)
Pervious area fraction = 0.100

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.100 to Point/Station        2.200
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.879
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =     9.62 min.
Rainfall intensity =      1.912(In/Hr) for a    10.0 year storm
Subarea runoff =      0.202(CFS) for      0.120(Ac.)
Total runoff =      3.797(CFS) Total area =       2.260(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.200 to Point/Station        2.300
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1495.500(Ft.)
Downstream point/station elevation =  1493.460(Ft.)
Pipe length  =   206.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     3.797(CFS)
Nearest computed pipe diameter  =     15.00(In.)
Calculated individual pipe flow  =     3.797(CFS)
Normal flow depth in pipe =    8.30(In.)
Flow top width inside pipe =   14.92(In.)
Critical Depth =    9.46(In.)
Pipe flow velocity =      5.46(Ft/s)
Travel time through pipe =    0.63 min.
Time of concentration (TC) =    10.25 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.200 to Point/Station        2.300
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.878
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000



RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    10.25 min.
Rainfall intensity =      1.854(In/Hr) for a    10.0 year storm
Subarea runoff =      0.700(CFS) for      0.430(Ac.)
Total runoff =      4.497(CFS) Total area =       2.690(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.300 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1493.460(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   269.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     4.497(CFS)
Nearest computed pipe diameter  =     15.00(In.)
Calculated individual pipe flow  =     4.497(CFS)
Normal flow depth in pipe =   11.61(In.)
Flow top width inside pipe =   12.54(In.)
Critical Depth =   10.31(In.)
Pipe flow velocity =      4.41(Ft/s)
Travel time through pipe =    1.02 min.
Time of concentration (TC) =    11.27 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        3.000 to Point/Station        3.100
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.877
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    11.27 min.
Rainfall intensity =      1.770(In/Hr) for a    10.0 year storm
Subarea runoff =      0.559(CFS) for      0.360(Ac.)
Total runoff =      5.056(CFS) Total area =       3.050(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        3.100 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1493.200(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   253.00(Ft.)   Manning's N = 0.015
No. of pipes = 1  Required pipe flow  =     5.056(CFS)
Nearest computed pipe diameter  =     18.00(In.)
Calculated individual pipe flow  =     5.056(CFS)



Normal flow depth in pipe =   12.26(In.)
Flow top width inside pipe =   16.78(In.)
Critical Depth =   10.39(In.)
Pipe flow velocity =      3.95(Ft/s)
Travel time through pipe =    1.07 min.
Time of concentration (TC) =    12.34 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.000 to Point/Station        4.100
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.876
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    12.34 min.
Rainfall intensity =      1.693(In/Hr) for a    10.0 year storm
Subarea runoff =      0.237(CFS) for      0.160(Ac.)
Total runoff =      5.293(CFS) Total area =       3.210(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.100 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1493.560(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   207.00(Ft.)   Manning's N = 0.015
No. of pipes = 1  Required pipe flow  =     5.293(CFS)
Nearest computed pipe diameter  =     18.00(In.)
Calculated individual pipe flow  =     5.293(CFS)
Normal flow depth in pipe =   10.78(In.)
Flow top width inside pipe =   17.64(In.)
Critical Depth =   10.65(In.)
Pipe flow velocity =      4.79(Ft/s)
Travel time through pipe =    0.72 min.
Time of concentration (TC) =    13.06 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.200 to Point/Station        4.300
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.876
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000



RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    13.06 min.
Rainfall intensity =      1.647(In/Hr) for a    10.0 year storm
Subarea runoff =      0.202(CFS) for      0.140(Ac.)
Total runoff =      5.495(CFS) Total area =       3.350(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.300 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1493.090(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   113.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     5.495(CFS)
Nearest computed pipe diameter  =     15.00(In.)
Calculated individual pipe flow  =     5.495(CFS)
Normal flow depth in pipe =   10.78(In.)
Flow top width inside pipe =   13.49(In.)
Critical Depth =   11.40(In.)
Pipe flow velocity =      5.82(Ft/s)
Travel time through pipe =    0.32 min.
Time of concentration (TC) =    13.38 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.400 to Point/Station        4.500
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.876
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    13.38 min.
Rainfall intensity =      1.627(In/Hr) for a    10.0 year storm
Subarea runoff =      0.242(CFS) for      0.170(Ac.)
Total runoff =      5.738(CFS) Total area =       3.520(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.500 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1492.530(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   192.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     5.738(CFS)
Nearest computed pipe diameter  =     21.00(In.)
Calculated individual pipe flow  =     5.738(CFS)



Normal flow depth in pipe =   12.82(In.)
Flow top width inside pipe =   20.48(In.)
Critical Depth =   10.58(In.)
Pipe flow velocity =      3.73(Ft/s)
Travel time through pipe =    0.86 min.
Time of concentration (TC) =    14.24 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       10.000 to Point/Station       20.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1492.000(Ft.)
Downstream point/station elevation =  1491.500(Ft.)
Pipe length  =    89.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     5.738(CFS)
Nearest computed pipe diameter  =     18.00(In.)
Calculated individual pipe flow  =     5.738(CFS)
Normal flow depth in pipe =   11.40(In.)
Flow top width inside pipe =   17.35(In.)
Critical Depth =   11.10(In.)
Pipe flow velocity =      4.86(Ft/s)
Travel time through pipe =    0.31 min.
Time of concentration (TC) =    14.54 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       20.000 to Point/Station       30.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1491.500(Ft.)
Downstream point/station elevation =  1483.820(Ft.)
Pipe length  =   182.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     5.738(CFS)
Nearest computed pipe diameter  =     12.00(In.)
Calculated individual pipe flow  =     5.738(CFS)
Normal flow depth in pipe =    8.00(In.)
Flow top width inside pipe =   11.31(In.)
Critical Depth =   11.37(In.)
Pipe flow velocity =     10.32(Ft/s)
Travel time through pipe =    0.29 min.
Time of concentration (TC) =    14.84 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       20.000 to Point/Station       30.000
**** CONFLUENCE OF MINOR STREAMS ****
______________________________________________________________________
Along Main Stream number: 1 in normal stream number 2
Stream flow area =      3.520(Ac.)
Runoff from this stream =      5.738(CFS)
Time of concentration =   14.84 min.
Rainfall intensity =     1.547(In/Hr)
Summary of stream data:



Stream   Flow rate      TC            Rainfall Intensity
 No.       (CFS)       (min)                 (In/Hr)

1        9.417     11.83                 1.729
2        5.738     14.84                 1.547
Largest stream flow has longer or shorter time of concentration
Qp =      9.417 + sum of

  Qa          Tb/Ta
   5.738 *    0.797 =      4.574

Qp =     13.991

Total of 2 streams to confluence:
Flow rates before confluence point:
       9.417       5.738
Area of streams before confluence:
        5.640        3.520
Results of confluence:
Total flow rate =     13.991(CFS)
Time of concentration =    11.826 min.
Effective stream area after confluence =      9.160(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       30.000 to Point/Station       40.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1483.820(Ft.)
Downstream point/station elevation =  1482.500(Ft.)
Pipe length  =   385.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =    13.991(CFS)
Nearest computed pipe diameter  =     27.00(In.)
Calculated individual pipe flow  =    13.991(CFS)
Normal flow depth in pipe =   17.79(In.)
Flow top width inside pipe =   25.60(In.)
Critical Depth =   15.61(In.)
Pipe flow velocity =      5.03(Ft/s)
Travel time through pipe =    1.28 min.
Time of concentration (TC) =    13.10 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        6.000 to Point/Station        6.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   333.000(Ft.)
Top (of initial area) elevation =  1493.690(Ft.)
Bottom (of initial area) elevation =  1493.000(Ft.)
Difference in elevation =     0.690(Ft.)
Slope =    0.00207  s(percent)=       0.21
TC = k(0.300)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =   10.539 min.
Rainfall intensity =      1.829(In/Hr) for a    10.0 year storm



COMMERCIAL subarea type
Runoff Coefficient = 0.878
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 2)  =  69.00
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      0.401(CFS)
Total initial stream area =        0.250(Ac.)
Pervious area fraction = 0.100
End of computations, total study area =           10.70 (Ac.)
The following figures may
be used for a unit hydrograph study of the same area.

Area averaged pervious area fraction(Ap) = 0.100
Area averaged RI index number =  69.0



Riverside County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0
Rational Hydrology Study        Date: 10/13/22

File:1412101PRO.out

------------------------------------------------------------------------
VALUED ENGINEERING, INC
1412101 PATTERSON BUSINESS CENTER
100-YEAR STORMEVENT
POST-DEVELOPED

------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********

 English (in-lb) Units used in input data file

------------------------------------------------------------------------

Program License Serial Number 6335

------------------------------------------------------------------------
Rational Method Hydrology Program based on
Riverside County Flood Control & Water Conservation District
1978 hydrology manual

Storm event (year) =  100.00 Antecedent Moisture Condition = 3

2 year, 1 hour precipitation =  0.384(In.)
100 year, 1 hour precipitation =  1.310(In.)

Storm event year = 100.0
Calculated rainfall intensity data:
1 hour intensity =  1.310(In/Hr)
Slope of intensity duration curve = 0.4900

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station        1.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   583.000(Ft.)
Top (of initial area) elevation =  1504.500(Ft.)
Bottom (of initial area) elevation =  1497.800(Ft.)
Difference in elevation =     6.700(Ft.)
Slope =    0.01149  s(percent)=       1.15
TC = k(0.300)*[(length^3)/(elevation change)]^0.2



Initial area time of concentration =    9.361 min.
Rainfall intensity =      3.256(In/Hr) for a   100.0 year storm
COMMERCIAL subarea type
Runoff Coefficient = 0.894
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      5.819(CFS)
Total initial stream area =        2.000(Ac.)
Pervious area fraction = 0.100

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.100 to Point/Station        1.300
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1496.800(Ft.)
Downstream point/station elevation =  1496.000(Ft.)
Pipe length  =   105.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     5.819(CFS)
Nearest computed pipe diameter  =     18.00(In.)
Calculated individual pipe flow  =     5.819(CFS)
Normal flow depth in pipe =   10.41(In.)
Flow top width inside pipe =   17.78(In.)
Critical Depth =   11.18(In.)
Pipe flow velocity =      5.49(Ft/s)
Travel time through pipe =    0.32 min.
Time of concentration (TC) =     9.68 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.200 to Point/Station        1.300
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.894
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =     9.68 min.
Rainfall intensity =      3.203(In/Hr) for a   100.0 year storm
Subarea runoff =      7.555(CFS) for      2.640(Ac.)
Total runoff =     13.374(CFS) Total area =       4.640(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.300 to Point/Station        1.500
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****



______________________________________________________________________
Upstream point/station elevation =  1496.000(Ft.)
Downstream point/station elevation =  1495.600(Ft.)
Pipe length  =   196.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =    13.374(CFS)
Nearest computed pipe diameter  =     27.00(In.)
Calculated individual pipe flow  =    13.374(CFS)
Normal flow depth in pipe =   21.14(In.)
Flow top width inside pipe =   22.26(In.)
Critical Depth =   15.25(In.)
Pipe flow velocity =      4.01(Ft/s)
Travel time through pipe =    0.82 min.
Time of concentration (TC) =    10.49 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.400 to Point/Station        1.500
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.893
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    10.49 min.
Rainfall intensity =      3.078(In/Hr) for a   100.0 year storm
Subarea runoff =      2.750(CFS) for      1.000(Ac.)
Total runoff =     16.124(CFS) Total area =       5.640(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.500 to Point/Station       30.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1495.600(Ft.)
Downstream point/station elevation =  1483.820(Ft.)
Pipe length  =   622.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =    16.124(CFS)
Nearest computed pipe diameter  =     21.00(In.)
Calculated individual pipe flow  =    16.124(CFS)
Normal flow depth in pipe =   13.43(In.)
Flow top width inside pipe =   20.17(In.)
Critical Depth =   17.77(In.)
Pipe flow velocity =      9.92(Ft/s)
Travel time through pipe =    1.05 min.
Time of concentration (TC) =    11.54 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station       30.000
**** CONFLUENCE OF MINOR STREAMS ****



______________________________________________________________________
Along Main Stream number: 1 in normal stream number 1
Stream flow area =      5.640(Ac.)
Runoff from this stream =     16.124(CFS)
Time of concentration =   11.54 min.
Rainfall intensity =     2.938(In/Hr)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.000 to Point/Station       10.000
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   610.000(Ft.)
Top (of initial area) elevation =  1498.500(Ft.)
Bottom (of initial area) elevation =  1492.000(Ft.)
Difference in elevation =     6.500(Ft.)
Slope =    0.01066  s(percent)=       1.07
TC = k(0.300)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =    9.677 min.
Rainfall intensity =      3.203(In/Hr) for a   100.0 year storm
COMMERCIAL subarea type
Runoff Coefficient = 0.894
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      3.692(CFS)
Total initial stream area =        1.290(Ac.)
Pervious area fraction = 0.100

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.000 to Point/Station        2.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   467.000(Ft.)
Top (of initial area) elevation =  1498.500(Ft.)
Bottom (of initial area) elevation =  1495.500(Ft.)
Difference in elevation =     3.000(Ft.)
Slope =    0.00642  s(percent)=       0.64
TC = k(0.300)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =    9.622 min.
Rainfall intensity =      3.212(In/Hr) for a   100.0 year storm
COMMERCIAL subarea type
Runoff Coefficient = 0.894
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      6.142(CFS)



Total initial stream area =        2.140(Ac.)
Pervious area fraction = 0.100

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.100 to Point/Station        2.200
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.894
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =     9.62 min.
Rainfall intensity =      3.212(In/Hr) for a   100.0 year storm
Subarea runoff =      0.344(CFS) for      0.120(Ac.)
Total runoff =      6.486(CFS) Total area =       2.260(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.200 to Point/Station        2.300
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1495.500(Ft.)
Downstream point/station elevation =  1493.460(Ft.)
Pipe length  =   206.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     6.486(CFS)
Nearest computed pipe diameter  =     18.00(In.)
Calculated individual pipe flow  =     6.486(CFS)
Normal flow depth in pipe =   10.27(In.)
Flow top width inside pipe =   17.82(In.)
Critical Depth =   11.83(In.)
Pipe flow velocity =      6.23(Ft/s)
Travel time through pipe =    0.55 min.
Time of concentration (TC) =    10.17 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.200 to Point/Station        2.300
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.893
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    10.17 min.
Rainfall intensity =      3.125(In/Hr) for a   100.0 year storm



Subarea runoff =      1.201(CFS) for      0.430(Ac.)
Total runoff =      7.687(CFS) Total area =       2.690(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        2.300 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1493.460(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   269.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     7.687(CFS)
Nearest computed pipe diameter  =     18.00(In.)
Calculated individual pipe flow  =     7.687(CFS)
Normal flow depth in pipe =   14.65(In.)
Flow top width inside pipe =   14.01(In.)
Critical Depth =   12.90(In.)
Pipe flow velocity =      4.99(Ft/s)
Travel time through pipe =    0.90 min.
Time of concentration (TC) =    11.07 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        3.000 to Point/Station        3.100
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.893
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    11.07 min.
Rainfall intensity =      2.999(In/Hr) for a   100.0 year storm
Subarea runoff =      0.964(CFS) for      0.360(Ac.)
Total runoff =      8.651(CFS) Total area =       3.050(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        3.100 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1493.200(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   253.00(Ft.)   Manning's N = 0.015
No. of pipes = 1  Required pipe flow  =     8.651(CFS)
Nearest computed pipe diameter  =     21.00(In.)
Calculated individual pipe flow  =     8.651(CFS)
Normal flow depth in pipe =   15.80(In.)
Flow top width inside pipe =   18.13(In.)
Critical Depth =   13.11(In.)
Pipe flow velocity =      4.46(Ft/s)



Travel time through pipe =    0.95 min.
Time of concentration (TC) =    12.02 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.000 to Point/Station        4.100
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.893
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    12.02 min.
Rainfall intensity =      2.880(In/Hr) for a   100.0 year storm
Subarea runoff =      0.412(CFS) for      0.160(Ac.)
Total runoff =      9.063(CFS) Total area =       3.210(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.100 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1493.560(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   207.00(Ft.)   Manning's N = 0.015
No. of pipes = 1  Required pipe flow  =     9.063(CFS)
Nearest computed pipe diameter  =     21.00(In.)
Calculated individual pipe flow  =     9.063(CFS)
Normal flow depth in pipe =   13.70(In.)
Flow top width inside pipe =   20.00(In.)
Critical Depth =   13.44(In.)
Pipe flow velocity =      5.45(Ft/s)
Travel time through pipe =    0.63 min.
Time of concentration (TC) =    12.65 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.200 to Point/Station        4.300
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.893
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    12.65 min.
Rainfall intensity =      2.809(In/Hr) for a   100.0 year storm



Subarea runoff =      0.351(CFS) for      0.140(Ac.)
Total runoff =      9.414(CFS) Total area =       3.350(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.300 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1493.090(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   113.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     9.414(CFS)
Nearest computed pipe diameter  =     18.00(In.)
Calculated individual pipe flow  =     9.414(CFS)
Normal flow depth in pipe =   13.50(In.)
Flow top width inside pipe =   15.59(In.)
Critical Depth =   14.22(In.)
Pipe flow velocity =      6.62(Ft/s)
Travel time through pipe =    0.28 min.
Time of concentration (TC) =    12.93 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.400 to Point/Station        4.500
**** SUBAREA FLOW ADDITION ****
______________________________________________________________________
COMMERCIAL subarea type
Runoff Coefficient = 0.893
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Time of concentration =    12.93 min.
Rainfall intensity =      2.778(In/Hr) for a   100.0 year storm
Subarea runoff =      0.422(CFS) for      0.170(Ac.)
Total runoff =      9.835(CFS) Total area =       3.520(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.500 to Point/Station       10.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1492.530(Ft.)
Downstream point/station elevation =  1492.000(Ft.)
Pipe length  =   192.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     9.835(CFS)
Nearest computed pipe diameter  =     24.00(In.)
Calculated individual pipe flow  =     9.835(CFS)
Normal flow depth in pipe =   16.64(In.)
Flow top width inside pipe =   22.13(In.)
Critical Depth =   13.46(In.)
Pipe flow velocity =      4.23(Ft/s)



Travel time through pipe =    0.76 min.
Time of concentration (TC) =    13.69 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       10.000 to Point/Station       20.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1492.000(Ft.)
Downstream point/station elevation =  1491.500(Ft.)
Pipe length  =    89.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     9.835(CFS)
Nearest computed pipe diameter  =     21.00(In.)
Calculated individual pipe flow  =     9.835(CFS)
Normal flow depth in pipe =   14.58(In.)
Flow top width inside pipe =   19.35(In.)
Critical Depth =   14.01(In.)
Pipe flow velocity =      5.52(Ft/s)
Travel time through pipe =    0.27 min.
Time of concentration (TC) =    13.96 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       20.000 to Point/Station       30.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1491.500(Ft.)
Downstream point/station elevation =  1483.820(Ft.)
Pipe length  =   182.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =     9.835(CFS)
Nearest computed pipe diameter  =     15.00(In.)
Calculated individual pipe flow  =     9.835(CFS)
Normal flow depth in pipe =    9.61(In.)
Flow top width inside pipe =   14.39(In.)
Critical Depth =   14.16(In.)
Pipe flow velocity =     11.84(Ft/s)
Travel time through pipe =    0.26 min.
Time of concentration (TC) =    14.22 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       20.000 to Point/Station       30.000
**** CONFLUENCE OF MINOR STREAMS ****
______________________________________________________________________
Along Main Stream number: 1 in normal stream number 2
Stream flow area =      3.520(Ac.)
Runoff from this stream =      9.835(CFS)
Time of concentration =   14.22 min.
Rainfall intensity =     2.653(In/Hr)
Summary of stream data:

Stream   Flow rate      TC            Rainfall Intensity
 No.       (CFS)       (min)                 (In/Hr)



1       16.124     11.54                 2.938
2        9.835     14.22                 2.653
Largest stream flow has longer or shorter time of concentration
Qp =     16.124 + sum of

  Qa          Tb/Ta
   9.835 *    0.812 =      7.984

Qp =     24.107

Total of 2 streams to confluence:
Flow rates before confluence point:
      16.124       9.835
Area of streams before confluence:
        5.640        3.520
Results of confluence:
Total flow rate =     24.107(CFS)
Time of concentration =    11.540 min.
Effective stream area after confluence =      9.160(Ac.)

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station       30.000 to Point/Station       40.000
**** PIPEFLOW TRAVEL TIME (Program estimated size) ****
______________________________________________________________________
Upstream point/station elevation =  1483.820(Ft.)
Downstream point/station elevation =  1482.500(Ft.)
Pipe length  =   385.00(Ft.)   Manning's N = 0.013
No. of pipes = 1  Required pipe flow  =    24.107(CFS)
Nearest computed pipe diameter  =     30.00(In.)
Calculated individual pipe flow  =    24.107(CFS)
Normal flow depth in pipe =   24.70(In.)
Flow top width inside pipe =   22.88(In.)
Critical Depth =   20.06(In.)
Pipe flow velocity =      5.58(Ft/s)
Travel time through pipe =    1.15 min.
Time of concentration (TC) =    12.69 min.

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        6.000 to Point/Station        6.100
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   333.000(Ft.)
Top (of initial area) elevation =  1493.690(Ft.)
Bottom (of initial area) elevation =  1493.000(Ft.)
Difference in elevation =     0.690(Ft.)
Slope =    0.00207  s(percent)=       0.21
TC = k(0.300)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =   10.539 min.
Rainfall intensity =      3.072(In/Hr) for a   100.0 year storm
COMMERCIAL subarea type
Runoff Coefficient = 0.893
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 0.000



Decimal fraction soil group C = 1.000
Decimal fraction soil group D = 0.000
RI index for soil(AMC 3)  =  84.40
Pervious area fraction =  0.100; Impervious fraction =  0.900
Initial subarea runoff =      0.686(CFS)
Total initial stream area =        0.250(Ac.)
Pervious area fraction = 0.100
End of computations, total study area =           10.70 (Ac.)
The following figures may
be used for a unit hydrograph study of the same area.

Area averaged pervious area fraction(Ap) = 0.100
Area averaged RI index number =  69.0
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APPENDIX “D”

HYDROLOGY MAPS
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APPENDIX “E”

OFF-SITE HYDROLOGY

































“PERRIS VALLEY MDP LATERAL B-7”

LOCATION SHOWN ON ABOVE MAP

ALONG PATTERSON AVE FROM ORLEANDER TO NANDINA AVENUE

PROJECT LOCATION



SITE LOCATION

"PERRIS VALLEY MDP LINE B"
LOCATION SHOWN ON ABOVE EXHIBIT

ALONG PATTERSON AVE FROM HARLEY KNOX BLVD/NANDINA AVE

















MANNING'S EQUATION FOR PIPE FLOW
Project: 1412101 Location: PV MDP STORM DRAIN PIPE, 30-INCH RCP @ 0.15%

By: KWW Date: 09/01/23
Chk. By: Date:

INPUT

D= 30 inches
d= 30 inches

Mannings Formula n= 0.013 mannings coeff
q= 0.0 degrees

Q=(1.486/n)ARh
2/3S1/2 S= 0.0015 slope in/in

R=A/P pl

A=cross sectional area

P=wetted perimeter V=(1.49/n)Rh
2/3S1/2

S=slope of channel Q=V x A
n=Manning's roughness coefficient

Solution to Mannings Equation

Area,ft2
Wetted

Perimeter, ft
Hydraulic
Radius, ft velocity ft/s flow, cfs PVC 0.01

4.91 7.85 0.63 3.24 15.89 PE (<9"dia) 0.015

PE (>12"dia) 0.02

PE(9-12"dia) 0.017

CMP 0.025

ADS N12 0.012

Design Q: 18.2 CFS HCMP 0.023

Conc 0.013

Check Capacity: NOT O.K.

Manning's n-values

d

q

D



MANNING'S EQUATION FOR PIPE FLOW
Project: 1412101 Location: 42-INCH RCP @ 0.15%

By: KWW Date: 09/01/23
Chk. By: Date:

INPUT

D= 42 inches
d= 42 inches

Mannings Formula n= 0.01 mannings coeff
q= 0.0 degrees

Q=(1.486/n)ARh
2/3S1/2 S= 0.0015 slope in/in

R=A/P pl

A=cross sectional area

P=wetted perimeter V=(1.49/n)Rh
2/3S1/2

S=slope of channel Q=V x A
n=Manning's roughness coefficient

Solution to Mannings Equation

Area,ft2
Wetted

Perimeter, ft
Hydraulic
Radius, ft velocity ft/s flow, cfs PVC 0.01

9.62 11.00 0.88 5.27 50.66 PE (<9"dia) 0.015

PE (>12"dia) 0.02

PE(9-12"dia) 0.017

CMP 0.025

ADS N12 0.012

Design Q: 48.53 CFS HCMP 0.023

Conc 0.013

Check Capacity: O.K.

Manning's n-values

d

q

D
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