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1.1

1.2

INTRODUCTION
BACKGROUND

Michael Baker International has been retained by Howard Industrial Partners, LLC to prepare an
onsite drainage study for Cedar Avenue Technology Park. The project site is located in
Bloomington, a census designated place (CDP), in San Bernardino County. The project site s
bounded by Interstate 10 to the north, Vine Street to the East, Orange Strest to the south, and
Cedar Avenue to the west (see Flgure 1).

The site Is currently vacant and undeveloped. Flows drain south towards Orange Street where
flows collect In the gutter and travel east onto Larch Avenue. Afterwards, flows travel south on
Larch Ave then east on Slover Ave for approximately 1,400 feet until flows enter a concrete
drainage ditch where they ultimately merge with the Rialto Channel, and ultimately to the Santa
Ana Rlver.

OBJECTIVE
The objectives of this drainage study are the following:

] Determine points of flow concentration and delineate the onsite drainage watershed
areas.
° Based on the proposed drainage patterns, ground slope, land use and soll type, and

following the criteria and procedures described in the San Bemnardino County Hydrology
Manual, perform hydrologic calculations to determine the 100-year Developed Condition
discharges.

. Comply with the NPDES requirements that all impervious areas drain to an appropriate
Best Management Practice (BMP) or equally effective alternative. Identify and size the
BMP in order to meet the NPDES requirements. This will be addressed in a separate
Preliminary Project Specific Water Quality management Plan (PWQMP).

) Preparation of hydrology report, which consist of hydrological and analytical results and
exhiblts.
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HYDROLOGIC METHODOLOGY

The methodology presented in this study is in compliance with the San Bernardino County
Hydrology Manual, Dated August 1986 (Reference 1), herelnafter referred to as the Manual.

Mode! Descriptions - The CivilCADD/CivilDesign Engineering Software Rational Method
Hydrology System Model Version 9.0, (Reference 6) was used to generate the peak 100-year
and 10-year onslte flows.

Soll Type - The Manual utilizes the Soll Conservation Service (SCS) soll claesification system,
which classifies solls Into four (4) hydrological soil groups (HSG): A through D, with D being the
least impervious. Figure C-14 of the Manual are included in Appendix C. According to this figure,
this project is located within HSG ‘A’ Additionally, per the San Bernardino County Hydrology
Manual Addendum the site soll data was obtalned from Web Soil Survey website and the soll
type for the site is ‘A", which is consistent with SCS.

Development Type- The proposed development model was based on commercial for areas
with higher impervious areas.

Intensity- Standard intensity-duration curve data were initially taken from the Hydrology
Manual figure B-4 Valley Area Isohyetal Map (100 Year, 1 Hour). However, per County of San
Bernardino Hydrology Manual Addendum, NOAA Atlas 14 was used to obtain the Intensity. For
the 100-year analysis, NOAA Atlas 14 specifies a 100-year 1-hour rainfall intensity of 1.34
inches/hour (see Appendix C).

Dralnage Areas and Flow Patterns - The drainage areas and flow pattemns for existing
and proposed conditions were mapped using the aerial topography (Cadd) and the design data
per the Grading Plan, respectively. The areas were measured using the computer capabilities of
AutoCAD.

HYDROLOGY/HYDRAULIC ANALYSIS RESULTS
31 - HYDROLOGY RESULTS

A hydrologic analysis was performed for the developed conditions using the rational method. The
CivilDesign hydrology software was used to generate the 100-year and 10-year peak discharges.
Table 1.1 and 1.2 summarize the result of the existing and post condition hydrologic analysis. The
detalled rational method calculations are included In Appendix A & B.
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Cedar Avenue Technology Park

Table 1.1 Existing Condition Hydrology Summary Table

Node Area 100-Year 10-Year
Number Location (ac) Discharge Discharge
(cfs) (cfs)
12 Discharge location into Orange | 4.10 6.66 2.80
Street gutter
22 Discharge location into Orange | 1.56 247 0.99
Street gutter
32 Discharge location into Orange | 4.88 8.77 3.89
Street gutter
Table 1.2 Developed Conditions Hydrology Summary Table
Node Area 100-Yoar 10-Year
Number Location {ac) Discharge Discharge
(cfs) (cfs)
13 Underground chamber 3.81 12.54 7.53
discharge location for infiltration
22 Underground chamber 4.31 15.78 9.77
discharge location for infiltration

Figures 2 and 3 In appendixes A and B respectively show the drainage patterns for this project.

Iv.

"CONCLUSIONS

1. Methodology used in this report is In compliance with San Bernardino County.

2. An Increase of 10.42 cfs is expected for the proposed development due to the Increase of
the Imperviousness ratlo from vacant-undeveloped to Industrial/commercial development.
Due to the location of the slte, the project is exempt from HCOC requirements, Therefore,
the primary focus Is to comply with the NPDES requirements that all impervious areas
drain to an appropriate Best Management Practice (BMP) or equally effective alternative.
Since the site’s soil class provides satisfactory infiltration flows, the proposed BMP will be
an underground chamber that will ultimately allow the treated flows to infiltrate. The BMP
will be sized In order to mest the NPDES reguirements. This will be addressed in a
separate Preliminary Project Specific Water Quality management Plan (PWQMP)
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APPENDIX A
HYDROLOGY ANALYSIS, RATIONAL METHOD

A1: Existing Conditions, 100-year storm event
A2: Existing Conditions, 10-year storm event



San Bernardino County Rational Hydrology Program
{Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Engineering Software, (c) 1989-2014 Version 9.0
Rational Hydrology Study Date: 09/01/16

CEDAR AVENUE TECHNOLOGY PARK

EXISTING CONDITIONS WATERSHED A

100-¥YR STORM EVENT ANALYSIS

bbb Hydrolegy Study Control Information *#kkkkkkkw

Rational hydrology study storm event year is 100.0

10 Year storm 1 hour rainfall = 0.842(In.)

100 Year storm 1 hour rainfall = 1.340(In.)
Computed rainfall intensity:
Storm year = 100.00 1 hour rainfall = 1.340 {In.)

Sleope used for rainfall intensity curve b = 0.6000
Scoll antecedent molsture condition (AMC) = 2

B i s st o o N L S o R T e e o R R R o s S AT
Process from Point/Station 10.000 to Point/Station 11.000
**k% TNITIAL AREA EVALUATION *%%*

UNDEVELOPED {average cover) subarea
Decimal fractlon soill group A = 1.000

Decimal fraction seoil group B = {.000
Decimal fraction soil group C = 0.000
Decimal fractlon soll group D = 0.000

5CS curve number for soil(AMC 2) = 50.00

Pervious ratio(Ap) = 1.0000 Max loss rate({Fm}= 0 810{(In/Hr)
Initial subarea data:
Initial area flow distance = 283.000(Ft.)

Top (of initlal area) elevation = 96.000(Ft.)

Bottom (of initial area) elevation = 87.500(Ft.)

Difference in elevation = 8.500(Ft.)

Slope = 0.03004 si%)= 3.00

TC = k{0.706)*[ (length™3) /{elevation change)]~0.2

Initlal area time of concentration = 13.614 min.

Rainfall intensity = 3.263{In/Hr} for a 100.0 year storm
Effective runoff coefficlent used for area (Q=KCIA) is C = 0.677
Subarea runoff = 1.987(CFS)

Total initial stream area = 0.9%200(Ac.)

Pervious area fraction = 1.000

Initial area Fm value = 0.810(In/Hr)

B I 22 1 2 o s s s o o L e o T A T A o o N S R A O
Process from Polint/Station 11.000 to Polnt/Station 12.000
*%%% TMPROVED CHANNEL TRAVEL TIME *¥**%¥%

Upstream point elevation = 87.500(Ft.)

Downstream polnt elevation = BO.700(Ft.}

Channel length thru subarea = 503.000(Ft.)

Channel base width = 10.000({Ft.)

Slope or 'Z' of left channel bank = 50.000

Slope or 'Z' of right channel bank = 50.000

Estimated mean flow rate at midpoint of channel = 4.369(CF5)
Manning's 'N’ = (.030

Maximum depth of channel = 1.000(Ft.)



Flow(qg) thru subarea = 4,369 (CFS)

Depth of flow = 0.171(Ft.), Average velocity = 1.378(Ft/s}
Channel flow top width = 27.096(Ft.)

Flow Velocity = 1.38(Ft/s)

Travel time = 6.08 min.
Time of concentration = 19.70 min.
Critical depth = 0.143(Ft.)

Adding area flow to channel
UNDEVELOPED ({(average cover) subarea
Decimal fraction soil group A = 1.000

Decimal fraction soll group B = 0.000

Decimal fractilon soll group C = 0.000

Decimal fraction soil group D = 0.0Q0

SCS curve number for soil(AMC 2) = 50.00

Pervious ratio(ap) = 1.0000 Max loss rate(Fm)= 0.810(In/Hr)
Railnfall intensity = 2.614(In/Hr) for a 100.0 year storm

Effective runoff coefficient used for area, (total area with modified
rational method} {Q=KCIA) 18 C = 0.621

Subarea runoff = 4.672 (CFS) for 3.200(Ac.)

Total runoff = 6.659(CFS)

Effective area this stream = 4.10 (Ac.)

Total Study Area {Maln Stream No. 1) = 4.10(Ac.)

Area averaged Fm value = 0.810{In/Hr)

Depth of flow = 0.210(Ft.), Average velocity = 1.545(Ft/s)
Critical depth = 0.178{Ft.}

End of computations, Total Study Area = 4.10 (Ac.}
The following figures may

be used for a unit hydrograph study of the same area.

Note: These figures do not consider reduced effectlve area
effects caused by confluences in the rational equation.

Area averaged pervious area fractlon(Ap) = 1.000
Area averaged SCS curve number = 50.0



San Bernardino County Ratlonal Hydrology Program
(Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Engineering Software, (c¢) 19289-2014 Version 9.0
Rational Hydrology Study Date: 09/01/16

CEDAR AVENUE TECHNOLOGY PARK

EXISTING CONDITION WATERSHED B

100 YEAR STCRM EVENT ANALYSIS

Fkdkokkhdk Hydrology Study Control Informatlon *#*#xkkdkx

Rational hydrology study storm event vyear is 100.0

10 Year storm 1 hour rainfall = 0.842(In.)
100 Year storm 1 hour rainfall = 1.340(In.)
Computed rainfall intensity:
Storm year = 100.00 1 hour rainfall = 1.340 (In.)

Slope used for rainfall intensity curve b = 0.6000
Soll antecedent molsture condition (AMC) = 2

R I o L 0 L o L B e e O  Em e =
Process from Point/Station 20.000 to Point/Station 21.000
*&k*% TNITIAL AREA EVALUATION ****

UNDEVELOPED {average cover) subarea
Decimal fraction soll group A 1.000
Decimal fraction soil group B 0.000

Decimal fraction soll group D = 0.000
2

Decimal fraction soil group C 0.000

SCS curve number for soll{AMC 2) = 50.00

Pervious ratio(aAp) = 1.0000 Max loss rate(Fm)= 0.810(In/Hr)
Initial subarea data:

Initlal area flow distance = 206.000(Ft.)

Top (of initlal area) elevation = 94.600(PL.)

Bottom {of initial area) elevation = B8.500(Ft.)

Difference in elevation = 6.100(Ft.)

Slope = 0.02961 =({%)= 2.96

TC = k{0.706)*[ (length~3)/{(elevation change}]~0.2

Initial area time of concentratlon = 12.024 min.

Rainfall intensity = 3.515{In/Hr} for a 100.0 year storm
Effective runcff coefficient used for area (0=KCIZA) is C = 0.693
Subarea runcff = 1,242 (CFS)

Total initlal stream area = 0.510(Ac.)
Pervious area fraction = 1.000
Initial area Fm value = 0.810(In/Hr)

T 1 ks o T B o L o B s s AL ot o o (R S o S
Process from Poilnt/Station 21.000 to Point/Station 22.000
**xkx% TMPROVED CHANNEL TRAVEL TIME ***%

Upstream point elevation = 88.500(Ft.)

Downstream polint elevation = 79.900{Ft.)

Channel length thru subarea = 566.000(Ft.}

Channel base width = 10.000(Ft.)

Slope or 'EZ' of left channel bank = 50.000

Slope or '2' of right channel bank = 50.000

Estimated mean flow rate at midpeint of channel = 1.904(CFS)
Manning's 'N' = 0.030

Maximum depth of channel = 1.000(Ft.)



Flow(qg) thru subarea = 1.904 (CFS)

Depth of flow = 0.109(Ft.), Average velocity = 1.136(Ft/s)
Channel flow top width = 20.857(Ft.)

Flow Velocity = 1.14(Ft/s)

Travel time = 8.30 min.
Time of concentration = 20.32 min.
Critical depth = 0.089(Ft.)

Adding area flow to channel
UNDEVELOPED (average cover) subarea
Decimal fraction soil group A = 1.000

Decimal fractilon soll group B = 0.000

Decimal fraction scll group € = 0.000

Decimal fraction soil group D = 0.000

8CS curve number for soil (AMC 2} = 50.00

Pervious ratic(dp) = 1.0000 Max loss rate(Fm}= 0.810(In/Hr)
Rainfall intensity = 2.566{In/Hr}) for a 100.0 year storm

Effective runcff coefficient used for area, (total area with modifled
rational method) (Q=KCIA) i1s C = 0.616

Subarea runoff = 1.224(CF58) for 1.050 (Ac.)

Total runcff = 2.465(CFS)

Effective area this stream = 1.56(Ac.)

Total Study Area (Main Stream No. 1) = 1.56{Ac.)

Area averaged Fm value = 0.810{In/Hr)

Depth of flow = 0.124(Ft.), Average velocity = 1.224(Ft/s)
Critical depth = 0.104(Ft.)

End of computations, Total Study Area = 1.56 {Ac.)
The following figures may

be used for a unit hydrograph study of the same area.

Note: These figures do not consider reduced effective area
effects caused by confluences in the rational equation.

Area averaged pervious area fraction(Ap}) = 1.000
Area averaged SCS curve number = 50.0



San Bernardinc County Rational Hydrology Program
(Hydrology Manual Date - August 1986}

CIVILCADD/CIVILDESIGN Engineering Software, (c) 1989-2014 Version 9.0
Rational Hydrology Study Date: 09/01/16

CEDAR AVENUE TECHNOLQGY PARK

EXISITNG CONDITIONS WATERSHED C

100 YEAR STORM EVENT ANALYSIS

kkkkkkdk*  Hydrology Study Control Information **axkxkkik

Rational hydrology study storm event year is 100.0

10 Year storm 1 hour rainfall = 0.842(In.)

100 Year storm 1 hour ralnfall = 1.340(In.}
Computed rainfall intensity:
Storm year = 100.00 1 hour rainfall = 1.340 (In.)
Slope used for rainfall intensity curve b = 0.6000
Soll antecedent moisture condition (AMC) = 2

e E P T P R R R R R R R R
Process from Polnt/Station 30.000 to Point/Station 31.000
*%%% TNITIAL AREA EVALUATIOQN #***k

UNDEVELOFPED {average cover) subarea
Decimal fraction soil group A = 1.000
Decimal fractlon soil group B = 0.000
Decimal fraction soll group C = 0.000
Decimal fraction soil group D = 0.000
SC8 curve number for soll (AMC 2) = 50.00

Pervious ratio(ap}) = 1.0000 Max loss rate(Fm)= 0.810 (In/Hr)
Initial subarea data:

Initial area flow distance = 285.000(Ft.)

Top {of initial area) elevation = 95.400(Ft.)

Bottom (of initial area) elevation = ‘83.000(Ft.)

Difference in elevation = 12.400(Ft.)

Slope = 0.04351 s(%)= 4.35

TC = k(0.706)*[ (length*3) /{elevation change)]~0.2

Initial area time of concentration = 12.677 min.

Rainfall intensity = 3.405(In/Hr) for a 100.0 vear storm
Effective runoff coefficient used for area (Q=KCIA) 1s C = 0.686
Subarea runoff = 2.056 (CF5)

Total initilal stream area = 0.880(Ac.)

Pervious area fractilon = 1.000
Initial area Fm value = 0.8B1l0(In/KEr)

T S e e e S e e
Process from Point/Station 31.000 to Point/Station 32.000
kkk% TMPROVED CHANNEL TRAVEL TIME *¥%x*

Upstream point elevation = 83.000(Ft.)

Downstream point elevation = 75.100(Ft.)

Channel length thru subarea = 462.000(Ft.)

Channel base width = 10.000(Ft.}

Slope or 'Z' of left channel bank = 50.000

Slope or 'Z' of right channel bank = 50.000

Estimated mean flow rate at midpoint of channel = 5.462 (CFS)
Manning's 'N’ = 0.030

Maximum depth of channel = 1.000(Ft.)



Flow{qg} thru subarea = 5.462 (CPS)

Depth of flow = 0.180(Ft.), Average velocity = 1.595(Ft/s)
Channel flow top width = 28.015(Ft.)

Flow Velocity = 1.60(Ft/s)

Travel time = 4.83 min.

Time of concentration = 17.50 min.

Critical depth = 0.160(Ft.)

Adding area flow to channel
UNDEVELOPED (average cover) subarea
Decimal fraction soil group A = 1.000
Decimal fraction scll group B 0.000

Decimal fraction soil group C = 0.000

Decimal fraction soil group D = 0.000

8CS curve number for soil {AMC 2) = 50.00

Pervious ratio(Ap)} = 1.0000 Max loss rate(Fm)= 0.810(In/Hr)

Ralnfall intensity = 2.806(In/Hr) for a 100.0 year storm
Effective runoff coefficient used for area, (total area with modified
rational method) (0=KCIA) is C = 0.640

Subarea runoff = 6.713{CFS) for 4.000(Ac.)

Total runoff = B.769(CFS)

Effective area this stream = 4,88 (Ac.)

Total Study Area (Main Stream No., 1) = 4.88(Ac.)

Area averaged Fm value = 0.810{(In/Hr}

Depth of flow = 0.227(Ft.), Average velocity = 1.813(Ft/s)
Critical depth = 0.207(Ft.)

End of computations, Total Study Area = 4.88 (Ac.)
The following figures may -

be used for a unit hydrograph study of the same area.

Note: These figures do not consider reduced effective area
effects caused by confluences in the rational equaticn.

Area averaged pervious area fractlon(Ap) = 1.000
Area averaged SCS5 curve number = 50.0



San Bernardino County Rational Hydrology Program
{Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Engineering Software, (c) 1989-2014 Version 9.0
Rational Hydrology Study Date: 09/02/16

CEDAR AVENUE TECHNOLOGY PARK
EXISTING CONDITIONS WATERSHED A
10-YR STORM EVENT ANALYSIS

Khkkkkhkk Hydrology Study Control Information ****kkkkkk

Rational hydrology study storm event year is 10.0
Computed rainfall intensity:

Storm year = 10.00 1 hour rainfall = 0.842 (In.)
Slope used for rainfall intensity curve b = 0.6000

Soil antecedent moisture condition (AMC) = 2

B o L B e o I A o L O L L B B L L A B A A R C et
Process from Point/Station 10.000 to Point/Station 11.000
*%k*x TNITIAL AREA EVALUATIQON #***x

UNDEVELOPED (average cover) subarea
Decimal fraction soil group A = 1.000

Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000

SC8 curve number for soil(AMC 2) = 50.00

Pervious ratio{Ap) = 1.0000 Max loss rate(Fm)= 0.810(In/Hr)
Initial subarea data:

Initial area flow distance = 283.000(Ft.)

Top (of initial area) elevation = 96.000(Ft.)

Bottom (of initial area) elevation = 87.500(Ft.)

Difference in elevation = 8.500(Ft.)

Slope = 0.03004 s(%)= 3.00

TC = k(0.706)*[ (length”3)/(elevation change}]”0.2

Initial area time of concentration = 13.614 min

Rainfall intensity = 2.050(In/Hr) for a 10.0 year storm

Effective runcoff coefficient used for area (Q=KCIA} is C = (0.545
Subarea runoff = 1.005(CFS8)

Total initial stream area = 0.900(Ac.)
Pervious area fraction = 1.000
Initial area Fm value = 0.810{In/Hr)

+++++++++H++H R AR
Process from Point/Station - 11.000 to Point/Station 12.000
*xxk TMPROVED CHANNEL TRAVEL TIME #*#%**%%

Upstream point elevation = 87.500(Ft.)
Downstream point elevation = 80.700(Ft.)
Channel length thru subarea = 503.000(Ft.)

Channel base width = 10.000(FL.)



Slope or "Z' of left channel bank = G50.000
Slope or 'Z' of right channel bank = 50.000

Estimated mean flow rate at midpoint of channel = 1.942 (CFS)
Manning's 'N’ = 0.030

Maximum depth of channel = 1.000(Ft.)

Flow(g) thru subarea = 1.942 (CFS)

Depth of flow = 0.113(Ft.), Average velocity = 1.097(Ft/s)
Channel flow top width = 21.312(Ft.)

Flow Velocity = 1.10(Ft/s)

Travel time = 7.64 min.

Time of concentration = 21.26 min.

Critical depth = 0.090(Ft.)

Adding area flow to channel
UNDEVELOPED (average cover) subarea

Decimal fraction soil group A 1.000
Decimal fraction soil group B 0.000
Decimal fraction soil group C 0.000

Decimal fraction soil group D = 0.000
2

SCS curve number for soll(AMC 2) = 50.00
Pervious ratio(Ap) = 1.0000 Max loss rate(Fm)= 0.810(In/HKr)
Rainfall intensity = 1.569(In/Hr) for a 10.0 year storm

Effective runoff coefficient used for area, {(total area with modified
rational method) (Q=KCIA) is C = 0.436

Subarea runoff = 1.798(CF8) for 3.200{Ac.)

Total runoff = 2.803(CFS}

Effective area this stream = 4.10{Ac.)

Total Study Area {Main Stream No. 1} = 4 _10(Ac.)

Area averaged Fm value = 0.810(In/Hr)

Depth of flow = 0.137(Ft.), Average velocity = 1.218(Ft/s)
Critical depth = 0.111(Ft.)

End of computations, Total Study Area = 4.10 (Ac.)

The following figures may

be used for a unit hydrograph study of the same area.
Note: These figures do not consider reduced effective area
effects caused by confluences in the rational equation.

Area averaged perviocus area fraction(Ap) = 1.000
Area averaged SCS curve number = 50.0



San Bernardino County Rational Hydrology Program
{Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Engineering Software, {(c) 1989-2014 Version 9.0
Rational Hydrology Study Date: 09/02/16

CEDAR AVENUE TECHNOLOGY PARK

EXISTING CONDITIONS WATERSHED B

10-YR STORM EVENT ANALYSIS

AhkArkhhx Hydrology Study Control Information *#*%*%#%ikx

Rational hydrology study storm event year is 10.0
Computed rainfall intensity:

Storm year = 10.00 1 hour rainfall = 0.842 (In.)
Slope used for rainfall intensity curve b = 0.6000

Soil antecedent moisture condition (AMC) = 2

e G R & L
Process from Point/Station 20.000 to Point/Station 21.000
*%k%xk TNITTIAL AREA EVALUATION ****

UNDEVELOPED (average cover) subarea

Decimal fraction soil group 2 = 1.000

Decimal fraction soil group B = 0.000

Decimal fraction soil group C = 0.000

Decimal fraction soil group D = 0.000

SCS curve number for soil (AMC 2) = 50.00

Pervious ratio(Ap) = 1.0000 Max loss rate{Fm)= 0.810(In/Hr)
Initial subarea data:

Initial area flow distance = 206.000(Ft.)

Top (of initial area) elevation = 94 .600(Ft.)
Bottom (of initial area) elevation = B8.500(Ft.)
Difference in elevation = 6.100(Ft.)

Slope = 0.02%61 s(%)= 2.96

TC = k{(0.706)*[ (length*3)/{elevation change)]"0.2

Initial area time of concentration = 12.024 min.

Rainfall intensity = 2.209(In/Hr) for a 10.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.570
Subarea runoff = 0.642 {CFS)

Total initial stream area = 0.510{Ac.)

Pervious area fraction = 1.000

Initial area Fm value = 0.810(In/Hr)

+++++++++ R R
Process from Point/Station 21.000 to Peoint/Station -22.000
¥%%% TMPROVED CHANNEIL TRAVEL TIME *#%%%

Upstream point elevation = 88.500{Ft.)
Downstream point elevation = 79.8%00(Ft.)
Channel length thru subarea = 566.000(Ft.)
Channel base width = 10.000({Ft.)



Slope or 'Z' of left channel bank = 50.000
Slope or 'Z' of right channel bank = 50.000

Estimated mean flow rate at midpoint c¢f channel = 0.855(CFS)
Manning's 'N’' = 0.030

Maximum depth of channel = 1.000(Ft.)

Flow(g) thru subarea = 0.855(CFs)

Depth of flow = 0.071(Ft.), Average velocity = 0.894 (Ft/s)
Channel flow top width = 17.068 (Ft.)

Flow Velocity = 0.89(Ft/s)

Travel time = 10.55 min.

Time of concentration = 22.57 min

Critical depth = 0.056(Ft.}

Adding area flow to channel
UNDEVELOPED (average cover) subarea

Decimal fraction soil group A 1.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C 0.000

Decimal fraction soil group D = 0.000
2

5CS8 curve number for soil (AMC 2} = 50.00
Pervious ratio(Ap) = 1.0000 Max loss rate(Fm)= 0.810(In/Hr)
Rainfall intensity = 1.514(In/Hr) for a 10.0 year storm

Effective runoff coefficient used for area, (total area with modified
rational method) (0=KCIA) is C = 0.419

Subarea runoff = 0.346.(CFS) for 1.050(Ac.)

Total runoff = 0.989 (CFS)

Effective area this stream = 1.56(Ac.)

Total Study Area (Main Stream No. 1) = 1.56{Ac.)

Area averaged Fm value = 0.810(In/Hr)

Depth of flow = 0.076(Ft.), Average velocity = 0.935(Ft/s)
Critical depth = 0.061(Ft.)

End of computations, Total Study Area = 1.56 (Ac.)

The feollowing figures may

be used for a unit hydrograph study of the same area.
Note: These figures do not consider reduced effective area
effects caused by confluences in the rational equation.

Area averaged pervious area fraction(dp) = 1.000
Area averaged SCS curve number = 50.0



San Bernardino County Rational Hydrology Program
(Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Engineering Software, (c) 1989-2014 Version 9.0
Rational Hydrology Study Date: 09/02/16

CEDAR AVENUE TECHNOLOGY PARK
EXISTING CONDITIONS WATERSHED C
10-YR STORM EVENT ANALYSIS

ek ke ke ok ke ok Hydrology Study Control Information **%x&kkixk

Rational hydrology study storm event year is 10.0
Computed rainfall intensity:

Storm year = 10.00 1 hour rainfall = 0.842 (In.)
Slope used for rainfall intensity curve b = 0.6000

Soil antecedent moisture condition (AMC) = 2
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Process from Point/Station 30.000 to Point/Station 31.000
*%%k% TNITIAL AREA EVALUATION *¥%¥%%

UNDEVELOPED (average cover) subarea

Decimal fraction soil group A 1.000

Decimal fraction socil group B 0.000

Decimal fraction soil grcup C 0.000

Decimal fraction soil group D 0.000

SCS curve number for soil (AMC 2) = 50.00

Pervious ratio(Ap) = 1.0000 Max loss rate (Fm)= 0.810{(In/Hr)
Initial subarea data:

Initial area flow distance = 285.000(Ft.)

Top {of initial area) elevation = 95.400(Ft.)

Bottom {(of initial area) elevation = B3.000(Ft.)

Difference in elevation = 12.400(Ft.)

Slope = 0.04351 s{%)= 4,35

TC = k(0.706)*[(length”*3)/(elevation change}]~0.2

Initial area time of concentration = 12.677 min.

Rainfall intensity = 2.140(In/Hr) for a 10.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = (0.560
Subarea runoff = 1.054 (CFS)

Total initial stream area = 0.880(Ac.)

Pervious area fraction = 1.000

Initial area Fm value = 0.810(In/Hr)

O o T O T e o e L B B e A s 5 o s T o o N MU A U U A S A Y U Y U OE B Y RS O AU
Procegss from Point/Station 31.000 to Point/Station 32.000
*k%x* TMPROVED CHANNEL TRAVEL TIME **+*%*

Upstream point elevation = 83.000(Ft.)
Downstream point elevation = 75.100(Ft.)
Channel length thru subarea = 462.000(Ft.)
Channel base width = 10.000(Ft.)



Slope or 'Z' of left channel bank = 50.000
Slope or 'Z2' of right channel bank = 50.000

Estimated mean flow rate at midpoint of channel = 2.515(CF8)
Manning's 'N' = (0.030

Maximum depth of channel = 1.000(Ft.)

Flow{g) thru subarea = 2.515(CF8)

Depth of flow = 0.122 (Ft.), Average velocity = 1.284 (Ft/s)
Channel flow top width = 22.171(Ft.)

Flow Velocity = 1.28(Ft/s)

Travel time = 6.00 min.

Time of concentration = 18.67 min.

Critical depth = 0.104(Ft.)

Adding area flow to channel
UNDEVELOPED (average cover) subarea
Decimal fraction soil group A = 1.000
Decimal fraction soil group B = 0.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000

SCS curve number for soll{(AMC 2) = 50.00
Pervious ratio(aAp) = 1.0000 Max loss rate(Fm)= 0.810(In/Hr)
Rainfall intensity = 1.696(In/HEr) for a 10.0 year storm

Effective runoff coefficient used for area, (total area with modified
rational method) {Q=KCIA) is C = 0.470

Subarea runoff = Z2.841(CFS) for 4.000(Ac.)

Total runoff = 3.894(CFS)

Effective area this stream = 4.88(Ac.)

Total Study Area {Main Stream No. 1) = 4.88 (Ac.)

Area averaged Fm value = 0.810(In/Hr)

Depth of flow = 0.152(Ft.), Average velocity = 1.453(Ft/s)
Critical depth = 0.133(Ft.)

End of computations, Total Study Area = 4.88 (ac.)

The following figures may

be used for a unit hydrograph study of the same area.
Note: These figures do not consider reduced effective area
effects caused by confluences in the ratiocnal equation.

Area averaged pervious area fraction{aAp) = 1.000
Area averaged SCS curve number = 50.0
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DEVELOPMENT HYDROLOGY ANALYSIS, RATIONAL METHOD

Appendix B




PRELIMINARY DRAINAGE STUDY Cedar Avenue Technology Park

APPENDIX B
HYDROLOGY ANALYSIS, RATIONAL METHOD

B1: Post-Project Development Conditions, 100-year storm event
B2: Post-Project Development Conditions, 10-year storm event



San Bernardino County Rational Hydrology Program
(Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Englineering Software, (¢) 19892-2014 Version 9.0
Rational Hydrology Study Date: 09/01/16

CEDAR AVENUE TECHNOQLOGY PARK

PROPOSED WATERSHED A

100 YEAR STORM EVENT ANALYSTS

hhk kR kR Hydrology Study Control Informatilon *wk&kkkikkx

Ratlonal hydrology study storm event year l1s 100.0

10 Year storm 1 hour ralnfall = 0.842({In.)

100 Year storm 1 hour rainfall = 1.340(In.)
Computed rainfall intensity:
Storm year = 100.00 1 hour rainfall = 1.340 (In.)

Slope used for rainfall intensity curve b = 0.6000
Soll antecedent moisture condition (AMC) = 2

B T T I I T o B o e b T e
Process from Point/Station 10.000 to Polnt/Station 11.000
*k%% INITIAL AREA EVALUATION ****

COMMERCIAL subarea type

Decimal fractlon soll group A 1.000
Decimal fraction soil group B = 0.000
Decimal fraction soll group C = 0.000
Decimal fractlon soll group D = 0.000

8CS curve number for soll (AMC 2) = 32.00

Pervious ratic(Ap) = 0.1000 - Max loss rate(Fm)= 0.098(In/Hr)
Initial subarea data:

Initlal area flow distance = 225.000(Ft.}

Top (of initlal area) elevation = 87.300(Ft.)

Bottom {(of initial area) elevation = B5.300(Ft.)

Difference in elevation = 2.000(Ft.)

Slope = 0.00889 s=(%)= 0.89

TC = k{0.304)*[ (length~3)/ (elevation change)]°0.2

Initial area time of concentration = 6.823 min.

Rainfall intensity = 4.939(In/Hr) for a 100.0 year storm
Effective runcff coefficlent used for area (Q=KCIA) 1s C = 0.882
Subarea runcff = 3.180(CF8)

Total inltial stream area = 0.730(Ac.)

Pervious area fraction = 0.100

Initial area Fm value = 0.098 (In/Hr)

++++++++H+ R R R
Process from Point/Station 11.000 to Point/Station 12.000
*%%% IMPROVED CHANNEL TRAVEL TIME ***%

Upstream point elevation = 85.300(Ft.)

Downstream point elevation = 83.000(Ft.}

Channel length thru subarea = 455 .000(Ft.)

Channel base width = 3.000(Ft.}

Slope or 'Z' of left channel khank = 50.000

S5lope or 'Z' of right channel bank = 50.000

Estimated mean flow rate at midpoint of channel = 7.901 (CFS)
Manning's 'N' = (0.015

Maximum depth of channel = 1.000(Ft.)



Flow{q} thru subarea = 7.901(CF8)

Pepth of flow = 0.258(Ft.), Average velocity = 1.922(Ft/3)
Channel flow top width = 28.829(Ft.)

Flow Velocity = 1.92(Ft/s)

Travel time = 3.95 min.

Time of concentration = 10.77 min.

Critical depth = 0.246(Ft.)

Adding area flow to channel
COMMERCIAL subarea type

Decimal fractilon soil group A = 1.000

Decimal fraction soil group B = 0.000

Decimal fraction soll group C = 0.000

Decimal fraction soil group D = 0.000

SCS curve number for soil (AMC 2) = 32.00

Pervious ratio(Ap) = 0.1000 Max loss rate(Fm)= 0.098 (In/Hr)
Rainfall intensity = 3.756{In/Hr) for a 100.0 year storm

Effective runcff coefficient used for area, (total area with modified
rational method) (Q=KCIA) is C = 0.877

Subarea runoff = 9.363(CFS5) for 3.080(Ac.)

Total runoff = 12.543(CF8)

Effective area this stream = 3.81{Ac.)

Total Study Area (Maln Stream No. 1) = 3.81{Ac.)

Area averaged Fm value = 0.098(In/Hr)

Depth of flow = 0.312(Ft.), Average velocity = 2.159({Ft/s)
Critical depth = 0.301(Ft.)

B o bt T e o Ak o 1 SR
Process from Point/Station 12.000 to Point/Station 13.000
%%k DIPEFLOW TRAVEL TIME (Program estimated gsize)} **%*

Upstream peoint/station elevation = 80.000(Ft.)
Downstream point/station elevation = 72.000(Ft.)
Pipe length = 75.00(Ft.) Manning's N = 0.013

No. of pipes = 1 Required plpe flow = 12.543(CFs)}
Nearest computed plpe diameter = 21.00{In.)

Calculated individual pipe flow = 12.543 (CFS)
Normal flow depth in pipe = 12.77(In.)

Flow top width inside pipe = 20.50(In.)

Critical Depth = 15.83(In.)

Pipe flow velocity = 8.19(Ft/s)

Travel time through pipe = 0.15 min.

Time of concentration (TC) = 10.92 min.

End of computations, Total Study Area = 3.81 (Ac.)

The following figures may

be used for a unit hydrograph study of the same area.
Note: These figures do not consider reduced effective area
effects caused by confluences in the rational equation.

Area averaged pervious area fraction(aAp) = 0.100
Area averaged SCS curve number = 32.0



San Bernardino County Rational Hydrology Program
{Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Engilneering Software, (c) 1989-2014 Version 9.0
Rational Hydrology Study Date: 09/01/16
CEDAR AVENUE TECHNOLOGY PARK
PROPOSED WATERSHED B
100 YEAR STORM EVENT ANALYSIS

*xkxxxkx%  Hydrology Study Control Informatlon **¥**k&kkaxx

Rational hydreology study storm event year is 100.0

10 Year storm 1 hour rainfall 0.842(In.)

100 Year storm 1 hour rainfall 1.340(In.)
Computed rainfall intensity:
Storm year = 100.00 1 hour rainfall = 1.340 {In.)
Slope used for rainfall intensity curve b = 0.6000
Soil antecedent moisture condition (AMC) = 2

B O a2 o T O o T 0 B S S U B B 08 = oS
Process from Point/Station 20.000 to Point/Station 21.000
*%*k%x TNITIAL AREA EVALUATION *#**

COMMERCIAL subarea type

Decimal fraction soll group A = 1.000
Decimal fraction soll group B = 0.000
Decimal fractlon soil group € = 0.000
Decimal fraction scil group D = 0.000
S5CS curve number for soil{(AMC 2) = 32.00

Pervious ratio(ap) = 0.1000 Max loss rate(Fm)= 0.098(In/Hr)
Initlal subarea data:

Initial area flow distance = 500.000(Ft.)

Top (of initial area) elevation = 89.200(Ft.)

Bottom (of initial area) elevation = 84.200(Ft.)

Difference in elevaticn = 5.000(Ft.)

Slope = 0.01000 s(%)= 1.00

TC = k(0.304)*[(length~3)/ (elevation change)]~0.2

Initial area time of concentration = 9.172 min.

Ralnfall intensity = 4.135(In/Hr) for a 100.0 year storm

Effective runoff coefficient used for area {Q=KCIA) is C = 0.879
Subarea runoff = 2.689(CFS)

Total initial stream area = 0.740(Ac.)
Pervious area fraction = 0.100
JInitial area Fm value = 0.098 (In/Hr)

B RS E RS E e S R R R e R PR EES A A
Process from Point/Station 21.000 to Point/Station 22.000
*%%% PIPEFLOW TRAVEL TIME (Program estimated slze) *#**x*

Upstféam polnt/station elevation = 79.000(Ft.)
Downstream point/station elevation = T4.000(Ft.)
Pipe length =  290.00(Ft.) Manning's N = 0.013
No. of pipes = 1 Required pipe flow = 2.689 (CFS)
Nearest computed pipe diameter = 12.00({In.)
Calculated individual pipe flow = 2.689(CFS8)
Normal flow depth in pipe = 6.53{In.)

Flow top width ingide pipe = 11.95(In.)
Critical Depth = 8.43(In.)



Pipe flow velocity = 6.16({(Ft/s)
Travel time through pipe = 0.78 min.
Time of concentration (TC) = 9.96 min.

B o T ok o o o o o s o o o o0 0 o O
Process from Point/Station 21.000 to Point/Station 22.000
¥kkk CONFLUENCE OF MINOR STREAMS ***%%*

Along Main Stream number: 1 in normal stream number 1

Stream flow area = 0.740{ac.)

Runoff from this stream = 2.689 (CFS)

Time of concentration = 9.96 min.

Rainfall intensity = 3.937(In/Hr)

Area averaged loss rate (Fm) = 0.0978(In/Hr)

Area averaged Pervious ratioc (Ap) = 0.1000

o a2 O T B T T T T R T T R T 0 Ao T TR SRS
Process from Point/Station 23.000 to Point/Station 24.000
*%%k% TINITIAL AREA EVALUATION ***%x

COMMERCIAL subarea type

Decimal fraction soil group A = 1.000
Decimal fraction soil group B = (.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = ($.000
8CS curve number for soil (AMC 2) = 32.00

Pervious ratlo(ap) = 0.1000 Max loss rate(Fm)= 0.098(In/Hr)
Initial subarea data:
Initial area flow distance = 480.000(Ft.)

Top (of initial area) elevation = 85.000({Ft.)

Bottom {of initial area) elevation = 80.000(Ft.)

Difference in elevation = 5.000(Ft.)

Slope = 0.01042 s(%)= 1.04

TC = k{0.304)*[ (length”3)/{elevation change)]"0.2

Initlal area time of concentration = 8.950 min.

Rainfall intensity = 4.197(In/Hr) for a 100.0 year storm
Effective runoff coefficient used for area (Q=KCIA)} is C = 0.879
Subarea runoff = 13.170{CFS)

Total initial stream area = 3.570({ac.)

Pervicus area fraction = 0.100
Initial area Fm value = 0.098{In/Hr}

N R AU S SN T S A WSS W O W SN WA S S W W W AW W
Process from Point/Station 24.000 to Point/Station 22,000
*%%%* PIPEFLOW TRAVEL TIME (Program estimated size) *#**

Upstream point/station elevation = 77.000(Ft.)

Downstream point/station elevation = 74.000(Ft.)
Pipe length = 140.00(Ft.) Manning's N = 0.013
No. of plpes = 1 Requlred pipe flow = 13.170({CFS)
Nearest computed pipe diameter = 18.00¢(In.)
Calculated individual pipe flow = 13.170(CF5)
Normal flow depth in pipe = 12.82(In.}

Flow top width inside pipe = 16.30{In.)

Critical Depth = 16.27(In.}

Pipe flow velocity = 9.78 (Ft/s)

Travel time through pipe = 0.24 min.

Time of concentration (TC) = 9.19 min.

o o I T o L I e s 0 o I L I O SRR S
Process from Polnt/Station 24.000 to Point/Station 22.000
k%%% CONFLUENCE OF MINQOR STREAMS *%%w%

Aléﬁg Main Stream number: 1 in normal stream number 2
Stream flow area = 3.570(Ac.)
Runoff from this stream = 13.170(CFS)



Time of concentration = 9.19 min.

Rainfall intensity = 4.131 {In/Hr)

Area averaged loss rate (Fm)} = 0.0978(In/Hr}
Area averaged Pervious ratio (Ap) = 0.1000
Summary of stream data:

Stream Flow rate Area TC Fm Rainfall Intensity
No. (CFS) {Ac.) {min) (In/Hr) {In/Hr)
1 2.69 0.740 9.96 0.098 3.937
2 13.17 3.570 8.19 0.098 4.131
Qmax(l) =
1.000 * 1.000 * 2. 689) +
0.952 * 1.000 * 13.170) + = 15.225
Qmax (2) =
1.051 * 0.923 * 2.689) +
1.000 * 1.000 * 13.170) + = 15.777

Total of 2 streams to confluence:
Flow rates before confluence point:

2.689 13.170
Maximum flow rates at confluence using above data:

15.225 15.777
Area of streams before confluence:

0.740 3.570
Effective area values after confluence:

4,310 4,253
Results of confluence:
Total flow rate = 15.777 (CFS)
Time of concentration = 9.189 min.
Effectlve stream area after confluence = 4.253(Ac.)
Study area average Pervious fraction(Ap) = 0.100
Study area average soil loss rate(Fm) = 0.098{In/Hr)
Study area total (this maln stream) = 4,31 (Ac.)
End of computations, Total Study Area = 4,31 {Ac.)
The following figures may
be used for a unit hydrograph study of the same area.
Note: These figures do not conslder reduced effective area
effects caused by confluences in the raticnal equaticn.

Area averaged pervious area fraction(Ap) = 0.100
Area averaged SCS curve number = 32.0



San Bernardino County Rational Hydrology Program
(Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Engineering Software, (c¢) 1989-2014 Version 9.0
Rational Hydrology Study Date: 09/02/16

CEDAR AVENUE TECHNOLOGY PARK
DEVELOPED CONDITIONS WATERSHED A
10-YR STORM EVENT ANALYSIS

ARARF KKK Hydrology Study Control Information **#%¥kkdksk

Rational hydrology study storm event year is 10.0
Computed rainfall intensity:

Storm year = 10.00 1 hour rainfall = 0.842 (In.)
Slope used for rainfall intensity curve b = 0.6000

Soll antecedent moisture condition (AMC) = 2

++++ 4+ ++++++++ AR AR
Process from Point/Station 10.000 to Point/Station 11.000
**k% TNITIAL AREA EVALUATIQON ****

COMMERCIAL subarea type

Decimal fraction soil group A = 1.000

Decimal fraction soil group B = 0.000

Decimal fraction seoil group C = 0.000

Decimal fraction soil group D = 0.000

SCS curve number for soil (AMC 2) = 32.00

Pervious ratio(Ap) = 0.1000 Max loss rate (Fm)= 0.098(In/Hr)
Initial subarea data:

Initial area flow distance = 225.000(Ft.)

Top (of initial area) elevation = 87.300(Ft.)

Bottom (of initial area} elevation = B5.300(Ft.)

Difference in elevation = 2.000(Ft.)

Slope = 0.00889 s(%)= 0.89

TC = k{(0.304)*[(length”3)/(elevation change}]”0.2

Initial area time of concentration = 6.823 min.

Rainfall intensity = 3.103(In/Hr) for a 10.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = (0.872
Subarea runoff = 1.975(CFS)

Total initial stream area = 0.730(Ac.)

Pervious area fraction = 0.100

Initial area Fm value = 0.098 (In/Hr)
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Process from Point/Station 11.000 to Point/Station 12.000
k%% TMPROVED CHANNEL TRAVEL TIME *%%¥

Upstream point elevation = 85.300(Ft.)
Downstream point elevation = . 83.000(Ft.)
Channel length thru subarea = 455.000(Ft.)
Channel base width = 3.000(Ft.)



Slope or 'Z2' of left channel bank = 50.000
Slope or 'Z' of right channel bank = 50.000

Estimated mean flow rate at midpoint of channel = 4.777 (CFS)
Manning's 'N' = 0.015

Maximum depth of channel = 1.000(Ft.)

Flow{g) thru subarea = 4.777 (CF8)

Depth of flow = 0.209(Ft.), Average velocity = 1.693(Ft/s)
Channel flow top width = 23.946(Ft.)

Flow Velocity = 1.69(Ft/s)

Travel time = 4.48 min,

Time of concentration = 11.30 min.

Critical depth = 0.197(Ft.)

Adding area flow to channel
COMMERCIAL subarea type

Decimal fraction socil group A = 1.000

Decimal fraction soil group B = 0.000

Decimal fraction scil group C = 0.000

Decimal fraction soil group D = 0.000

SCS curve number for soil(AMC 2) = 32.00

Pervious ratio{(Ap} = 0.1000 Max loss rate(Fm)= 0.098{In/Hr)
Rainfall intensity = 2.292(In/Hr) for a 10.0 year storm

Effective runcff coefficient used for area, (total area with modified
rational method) {(Q=KCIA) is C = 0.862

Subarea runoff = 5.551{CF8) for 3.080(Ac.)

Total runoff = 7.525 (CFS)

Effective area this stream = 3.81(Ac.)

Total Study Area {(Main Stream No. 1) = 3.81(Ac.)

Area averaged Fm value = 0.098 (In/Hr)

Depth of flow = 0.253(Ft.}, Average velocity = 1.899(Ft/s)
Critical depth = 0.240(Ft.)

+++++++++H R R R
Process from Point/Station 12.000 to Point/Station 13.000
**%% PIPEFLOW TRAVEL TIME {(Program estimated size) ***%

Upstream point/station elevation = 80.000 (Ft.)
Downstream point/station elevation = 79.000(Ft.)
Pipe length = 75.00(Ft.) Manning's N = 0.013
No. of pipes = 1 Required pipe flow = 7.525(CF8S)
Nearest computed pipe diameter = 18.00(In.)
Calculated individual pipe flow = 7.525 (CF8)
Normal flow depth in pipe = 10.27 (In.)

Flow top width inside pipe = 17.82(In.)

Critical Depth = 12.75(In.)

Pipe flow velocity = 7.23(Ft/s)

Travel time through pipe = 0.17 min,

Time of concentraticon (TC) = 11.48 min.

End of computations, Total Study Area = 3.81 (Ac.)

The following figures may

be used for a unit hydrograph study of the same area.
Note: These figures do not consider reduced effective area
effects caused by confluences in the rational ecuation.

Area averaged pervious area fraction(Ap) = 0.100
Area averaged SCS curve number = 32.0



San Bernardino County Rational Hydrology Program
(Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Engineering Software, (c) 1989-2014 Version 9.0
Rational Hydrology Study Date: 09/02/16

CEDAR AVENUE TECHNOLOGY PARK
DEVELOPED CONDITIONS WATERSHED B
10-YR STORM EVENT ANALYSIS

Fok ok kkk k& Hydrology Study Contrcl Information *¥d¥kkddkkk
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Rational hydrology study storm event year is 10.0
Computed rainfall intensity:

Storm year = 10.00 1 hour rainfall = 0.842 (In.)
Slope used for rainfall intensity curve b = 0.6000

Scoil antecedent moisture condition (AMC) = 2
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Process from Point/Station 20.000 to Point/Station 21.000
*%k% TNITIAL AREA EVALUATION **+*

COMMERCTAL subarea type

Decimal fraction soil group & = 1.000

Decimal fraction soil group B = 0.000

Decimal fraction soil group C = 0.000

Decimal fraction soil group D = 0.000

SCS curve number for soil{(AMC 2) = 32.00

Pervious ratio(Ap) = 0.1000 Max loss rate(Fm)= 0.098(In/Hr)
Initial subarea data:

Initial area flow distance = 500.000(Ft.)

Top (of initial area) elevation = 89.200(Ft.)

Bottom (of initial area) elevation = B4.200(Ft.)

Difference in elevation = 5.000(Ft.)

Slope = 0.01000 s(%)= 1.00

TC = k{0.304)*[ (length”3)/ (elevation change)1°0.2

Initial area time of concentration = 9.172 min.

Rainfall intensity = 2.599(In/Hr) for a 10.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = 0.866
Subarea runoff = 1.665(CFS)

Total initial stream area = 0.740(Ac.)

Pervious area fraction = 0.100

Initial area Fm value = 0.098{In/Hr)

R R RRA s R L S e R e R i
Process from Point/Station 21.000 to Point/Station 22.000
*%%% PTPEFLOW TRAVEL TIME {(Program estimated size) **%x

Upstream point/station elevation = 79.000(Ft.)
Downstream point/station elevation = 74.000(Ft.)
Pipe length = 290.00(Ft.})- Manning's N = 0.013

No. of pipes = 1 Required pipe flow = 1.665(CFS)

1



Nearest computed pipe diameter = 9.00(In.)

Calculated individual pipe flow = 1.665(CFS)
Normal flow depth in pipe = 5.91(In.)

Flow top width inside pipe = 8.55(In.)
Critical Depth = 7.12(In.)

Pipe flow velocity = 5.42 (Ft/s)

Travel time through pipe = 0.89 min.

Time ¢of concentration (TC) = 10.06 min.

R N N SR N SO N S RS ST AL S ST AT ST SRR A T AR S SR A S A RSO ST R SRV I RN U S A I RN R SE RS
Process from Point/Station 21.000 to Point/Staticn 22.000
**%* CONFLUENCE OF MINOR STREAMS **%*x*

Along Main Stream number: 1 in normal stream number 1

Stream flow area = 0.740(Ac.)

Runoff from this stream = 1.665(CFS)

Time of concentration = 10.06 min.

Rainfall intensity = 2.458(In/Hr)

Area averaged loss rate (Fm} = 0.0978 (In/Er)
Area averaged Pervious ratio (Ap) = 0.1000

a2t T e Ik =
Process from Point/Station 23.000 to Point/Station 24,000
**kx* TNITIAL AREA EVALUATION **%%*

COMMERCIAL subarea type

Decimal fraction soil group A 1.000
Decimal fraction soil group B 0.000
Decimal fraction soil group C 0.000

Decimal fraction soil group D = 0.000
8C8 curve number for soil(AMC 2) = 32.00

Pervious ratio(Ap) = 0.1000 Max loss rate(Fm)= 0.098(In/Hr)
Initial subarea data:

Initial area flow distance = 480.000(Ft.)

Top {of initial area) elevation = 85.000(Ft.)

Bottom (of initial area} elevation = g0.000(Ft.)

Difference in elevation = 5.000{(Ft.)

Slope = 0.01042 s{%)= 1.04

TC = k{0.304)*[({length”3)/(elevation change)]*0.2

Initial area time of concentration = 8.950 min.

Rainfall intensity = 2.637(In/Hr}) for a 10.0 year storm
Effective runoff coefficient used for area (Q=KCIA) is C = (.867
Subarea runoff = 8.158 (CFS)

Total initial stream area = 3.570(Ac.)

Pervious area fraction = 0.100

Initial area Fm wvalue 0.098(In/Hr)

I RS R RS e
Process from Point/Station 24,000 to Point/Station 22.000
**%*%* PIPEFLOW TRAVEL TIME (Program estimated size) *%*%*

Upstream point/station elevation = 77.000(Ft.)
Downstream point/station elevation = 74.000(Ft.)
Pipe length = 140.00(Ft.) Manning's N = 0.013

No. of pipes = 1 Required pipe flow = 8.158 (CFS)
Nearest computed pipe diameter = 15.00(In.)
Calculated individual pipe flow = 8.158(CFS)
Normal flow depth in pipe = 10.75(In.)

Flow top width inside pipe = 13.52(In.)

Critical Depth = 13.46(In.)
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Pipe flow velocity = 8.67(Ft/s)
Travel time through pipe = 0.27 min.
Time of concentration (TC} = 9.22 min.

B O T T T I e U B R U T A 0 S S O B O S S B B S B S S B A SO S NS SO o SR RS A SE AU AE S S AU AU S S
Process from Point/Station 24.000 to Point/Station 22.000
*k%x* CONFLUENCE OF MINOR STREAMS **%%

Along Main Stream number: 1 in normal stream number 2

Stream flow area = 3.570(Ac.)

Runoff from this stream = 8.158 (CFS)

Time of concentration = 9.22 min.

Rainfall intensity = 2.591 (In/Hr)

Area averaged loss rate (Fm) = 0.0978 (In/Hr)
Area averaged Pervious ratio (Ap) = 0.1000

Summary of stream data:

Stream Flow rate Area TC Fm Rainfall Intensity
No. (CFS) (Ac.) {(min) (In/Hr) (In/Hr)
1 1.67 0.740 10.06 0.0¢28 2.458
2 8.16 3.570 9.22 0.0%28 2.581
Omax (1) =
1.000 * 1.000 * 1.665} +
0.947 * 1.000 * 8.158) + = 9.390
Omax (2) =
1.056 * 0.%16 * 1.665) +
1.000 * 1.000 * 8.158) + = 5.770

Total of 2 streams to confluence:
Flow rates before confluence point:

1.665 8.158
Maximum flow rates at confluence using above data:

9.390 +9.770
Area of streams before confluence:

0.740 3.570
Effective area values after confluence:

4.310 4.248
Results of confluence:
Total flow rate = 9.770 (CFS)
Time of concentration = 9.219 min.
Effective stream area after confluence = 4.248 (Ac.)
Study area average Pervious fraction{Ap) = 0.100
Study area average soil loss rate(Fm) = 0.098(In/Hr)
Study area total (this main stream) = 4.31(Ac.)
End of computations, Total Study Area = 4,31 (Ac.)
The following figures may
be used for a unit hydrograph study of the same area.
Note: These figures do not consider reduced effective area
effects caused by confluences in the rational equation.

Brea averaged pervious area fraction(Ap) = 0.100
Area averaged SCS curve number = 32.0
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Reference Information

Appendix C




PRELIMINARY DRAINAGE STUDY Cedar Avenue Technology Park

APPENDIX C
REFERENCE INFORMATION

C1: Data from San Bemardino County Hydrology Manual
C2: NOAA Atlas 14 Point Precipitation Table

C3: Reference Plans
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Preface

Soil surveys contaln information that affects land use pianning in survey areas. They
highlight soll limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soll 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 uss or land treatment. Soll surveys identify soll propertles
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 s responsible for identifying and complying
with exlsting laws and regulations.

Although soll survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to suppiement this information in some cases.
Examples include soil quality assessments (hitp://www.nrcs.usda.goviwps/portal/
nres/main/soils/health/) and certain conservation and engineering applications. For
more detalled Information, contact your local USDA Service Center (http://
offices.sc.egov.usda.govflocator/app7agency=nrcs) or your NRCS State Soll
Scientist (http://www.nrcs.usda.gov/wps/portal/nres/detall/soils/contactus/?
cld=nrcs142p2 053951).

Great differences in soll properties can occur within short distances. Some solls 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 soll poorly suited to basements or
underground installations.

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

Information about soils is updated periodically. Updated Information Is avallable
through the NRCS Web Soll Survey, the site for official soll survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basls of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orlentation, genetic information, political bellefs, 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 disabilltles who require altemative means



for communication of program information {Braille, large print, audiotape, sic.) 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. 20250-8410 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

Soll surveys are made to provide information about the solls 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. Soll sclentists observed the steepness, length, and shape of
the slopas; the general pattem of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A scll profile Is
the sequence of hatural layers, or horizons, in a soil. The profile extends from the
surface down Into the unconsolidated material in which the soll formed or from the
surface down to bedrock. The unconsgolidated 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 beundaries of major land resource areas
(MLRAs). MLRAs are geographically assoclated land resource units that share
common characteristics related to physiography, geclogy, climate, water resources,
soils, biclogical 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 geclogy, landforms, rellef, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is assoclated 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 soll sclentist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil sclentist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific locaticn on the
landscape.

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

Soil sclentists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, slze and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reactlon, and other features that enable them to
Identify soils. After describing the scils in the survey area and determining their
properties, the soll scientists assigned the soils to taxonomic classes (units).
Taxonomlc classes are concepts. Each taxonomic class has a set of soll
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
soll propertles and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils In the survey area, they compared the
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individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additlonal 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 scil 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 unlt 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 developmaent of
resource plans. If intensive use of small areas Is planned, onsite Investigation ig
needed to deflne and locate the soils and miscellaneous areas.

Soll scientists make many fleld 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 soll sclentist. Observations are made to test and refine the scil-
landscape modsl and predictions and to verify the classification of the solls at specific
locations. Once the soil-landscape medel is refined, a significantly smaller number of
measurements of individual soll propertles 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 soll 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 evary map unit
component. Values for some properties are estimated from combinations of other
propertles, .

While a soll survey is in progress, samples of some of the solls In the area generally
are collected for laboratory analyses and for engineering tests. Scil 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 solls 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 tc meset
local needs. Data are assembled from other sources, such as research information,
preduction records, and fleld experience of speclallsts. For example, data on crop
ylelds under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of sail.

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
sclentists can predict with a faitly 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
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.



Soil Map

The soll map sectlon includes the soll map for the defined area of Interest, a list of soil
map unite on the map and extent of each map unit, and cartographic symbals
displayed on the map. Also presented are various metadata about data used to
produce the map, and a descriptien of each soil map unit.
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Map Unit Legend

San Bernardino County Southwastern Part, Callfornia (CAIﬁ)

Map Unkt Symbol Map Unit Name | Acres In AOI Psrcent of AOI
TuB Tujunga loamy sand, 0 to 5 11.9
percent slopes _
Totals for Area of Interast 11.9

Map Unit Descriptions

The map units delineated on the detailed soil maps In a soll survey represent the solls
or miscellansous 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 mabp unit delineation cn a soll map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identifled 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 solls 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 solls of a single taxonomic
class rarely, if ever, can be mapped without including areas of cther 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 taxcnomic classes
other than those of the major soils.

Most minor soils have properties simllar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are calfed
noncontrasting, or simitar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristice 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 solls 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 identifled 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 unlt 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, howaver, onsite investigation Is needed to
deflne and locate the soils and miscellaneous areas.
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An identifying symbel pracedes the map unit name [n the map unit descriptions. Each
dascription includes general facts about the unit and gives important soll properties
and qualities.

Solls that have profiles that are almost allke make up a soifl series. Except for
differences in texture of the surface layer, all the solls of a serles 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 eroslon, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into solf phases. Most of the areas shown on the
detailed scil maps are phases of soil series. The name of a soll 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 serles.

Some map units are made up of two or more major solls 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 sclls 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 solls 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 considersad practical
or necessary to map the solls or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta agsociation, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two of more solls 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 arsas 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.

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

11
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San Bernardino County Southwestern Part, California

TuB—Tujunga loamy sand, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: hel1
Elgvation: 10 to 2,500 feet
Mean annual precipitation: 10 to 25 Inches
Mean annual air temperature: 58 to 64 degrees F
Frost-free period: 250 to 350 days
Farmland classification: Farmland of statewlde importance

Map Unit Composition
Tujunga, loamy sand, and similar solls: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tujunga, Loamy Sand

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

Typlcal proflle
A - 0 lo 8 inches: loamy sand
C1-6 1o 18 Inches: loamy sand
C2 - 18 to 60 inches: loamy sand

Propertles and quallties
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95
to 19.98 in/hr) )
Depth to waler table: More than 80 inches
Frequency of flooding: Rare
Frequency of ponding: None
Available water sforage in profile: Low (about 4.2 inches)

Interpretive groups
Land capabiiily classification (irmigated): 3e
Land capabliity classification (nonirrigated): 4e
Hydrologic Soll Group: A
Hydric soil rating: No

Minor Components

Tujunga, gravelly loamy sand
Percent of map unit: 10 percent
Landform: Alluvial fans
Landform position (three-dimensional): Tread
Down-slope shape: Linear

12
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Across-slope shape: Linear
Hydric soil rafing: No

Hanford, sandy loam
Percent of map unit: 5 percent
Landform: Alluvial fans
Landform position {three-dimensional). Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

13
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