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MEMORANDUM

Radback Energy
Oakley Generating Station (Tenaska)
Summary of Stormwater Modifications

To: Jim McLucas

B&V Project 163994
B&V File 14.0100
22 September 2010

From: Paul Nelson & Craig Kantola
puv ~j{.

Philip Williams & Associates (PWA), consultant for the California Energy Commission (CEC),
provided comments related to the proposed stormwater management system for the Oakley
Generating Station project. The stormwater management system reviewed by PWA consisted of a
network of bioswales designed in accordance with the recommendations and procedures outlined
in the Contra Costa Clean Water Program's (CCCWP) Stormwater C.3 Guidebook.. Flood control
is proposed within the existing wetland area and a proposed detention basin in the northwest
corner of the site. This memo summarizes the overall proposed stormwater management concept
and also documents adjustments to the stormwater model in response to PWA comments.

Flood Control for the project will still be provided within the existing wetland area and the proposed
detention basin, which was expanded per PWA comments. The volume provided within these
areas is sufficient to store the combined 1OO-year and 10-year runoff volumes without discharging
stormwater off-site. PWA requested that the hydrologic modeling be updated to more clearly
demonstrate the impact of directly connected impervious areas (DCIA) on the project site.

Wetland Hydrology is of importance to ensure that the existing wetland will be provided with a
consistent source of stormwater runoff. The revised design includes the use of low-flow orifices
placed within the bioswale and detention basin outlet structures to allow runoff from small storm
events to reach the wetland area. The sizing of these orifices is discussed in the response to the
PWA comments listed below.

Water Quality Treatment will be provided to stormwater runoff within the proposed bioswales and
detention basin prior to discharging into the existing wetland area. Bioswale 1-2 was determined to
be sufficiently sized in the previous PWA review and has not been revised. Bioswale 3 has been
removed to allow expansion of the detention basin. Bioswales 4 and 5 were determined by PWA to
be improperly sized. The stormwater plan for the site has been revised to result in two facilities for
water quality treatment - Bioswale 1-2 (which has not been revised) and the detention basin (which
provides treatment for the areas previously included within Bioswales 3, 4 and 5). Bioswale and
basin sizing are based on CCCWP C.3 Guidebook. Calculations for each are included in B&V
calculation 52.5406.1008 and are discussed in greater detail below.

Response to PWA Comments

Wetland Hydrology - #1
The proposed design has been revised to include low-flow orifices within the bioswale and pond
outlet structures to allow passage of water through the system during smaller, frequent storm
events. This change was made to address the concern that the wetland quality could suffer from a
lack of runoff during smaller rain events where runoff was retained and infiltrated within the
bioswales in the prior design approach. A result of adding the low-flow orifices is that in most
rainfall events generating runoff, there will be more water directed into the wetland system than if
the runoff was retained in the bioswales to infiltrate into the ground.

The bioswale low-flow orifice sizing is based on passing the water quality flow rate (defined as the
flow generated by a rainfall intensity of 0.2 inches per hour) with one foot of head above the
orifices. The pond orifice sizing is based on draining the water quality volume (WQV) from the
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pond in approximately 24 hours. This approach allows stormwater runoff to be treated within the
bioswale and pond areas without diminishing the wetland hydrology. See pages 24 to 27 of B&V
calculation 52.5406.1007 for further details on the bioswale orifice sizing and pages 9a to 9b of
B&V calculation 52.5406.1008 for further details on the pond orifice sizing.

Wetland Hydrology - #2
This comment was an observation, no changes to the analysis were requested in Comment #2.
However the pond configuration was modified based on other PWA comments and the 0.33 ac-ft
volume noted has been reduced. See response to PWA Water Quality Treatment Comment #5.

Wetland Hydrology - #3
The existing and proposed runoff models have been updated to reflect additional impervious areas
within the PG&E yard as requested. As noted, this results in additional runoff from the PG&E site
that crosses the project site and enters the wetland area. See pages 5 and 11 of B&V calculation
52.5406.1003 and pages 5a and 15a of B&V calculation 52.5406.1006 for further details.

Wetland Hydrology - #4
The existing and proposed runoff models have been updated to account for impervious areas that
could be considered 'directly connected'. Previously all impervious areas were factored into the
runoff curve number (CN) for each drainage area. The updated models have separated out a
portion of the impervious area to reflect 'directly connected' conditions. It was estimated that
generally 25 percent of the impervious areas within the power block site will be located near
enough to the storm sewer system inlets to be considered directly connected. The result of this
change was a slight increase in the runoff volume produced for each storm event, when compared
to the previously submitted model and calculations. See pages 11 to 17 of B&V calculation
52.5406.1006 for further details.

Note that all of the storm sewers in the power block area are routed through bioswales and/or the
detention pond prior to discharge into the wetland and are not directly connected to the wetland
area. This offers an opportunity for runoff from all impervious surfaces to infiltrate into the ground
before reaching the wetland.

Water Quality Treatment - #1 & #2
PWA suggested that the bioswale cross-sections be revised to a greater width in order to meet a 1
foot maximum treatment depth criterion. Due to space limitations and the desire to preserve
existing woodlands, widening the bioswales is not preferred. As noted in the PWA letter, Bioswale
1-2 is sufficiently sized for its drainage area. The detention basin has been expanded to provide
water quality treatment for the remaining areas. See response to Comment #5 below.

Water Quality Treatment - #2
The low-flow orifice design limits the capture and infiltration of runoff in the bioswales by allowing
the water quality flow rate (the flow rate generated by a rainfall intensity of 0.2 in/hr) to pass with
one foot of hydraulic head. See pages.24 to 27 of B&V Calculation 52.5406.1007 for further
details.
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Water Quality Treatment - #3
Gravel check dams will be installed within the bioswales to limit erosion and transport of soil mix
within the bioswales during higher flow rates.

Water Quality Treatment - #4
B&V Calculation 52.5406.1008 has been revised to reflect the changes proposed for meeting water
quality treatment criteria. Bioswale 1-2 sufficiently sized for its drainage area and did not require
revision. Bioswale 3 has been removed and the detention pond expanded to capture runoff in that
area. Bioswale 4 has not been revised. However, since the treatment depth is greater than one
foot, the detention basin was designed to provide treatment for this area prior to discharge to the
wetland. Bioswale 5 has been shortened and the detention pond expanded to capture and treat
runoff from that area prior to discharge into the wetland. Bioswales 4 and 5 will provide additional
treatment, particularly during construction, to limit sedimentation from construction activities from
reaching the wetland.

Water Quality Treatment - #5
PWA suggested the pond berm be lowered by two feet, down to elevation 13.0, which is one foot
above the computed high water level in the pond. In addition, PWA suggested the pond footprint
be expanded to provide additional volume and treatment capacity for the WQV captured by
undersized Bioswales 4 and 5.

The C.3 Guidebook offers a method to determine basin sizing required for 80% capture within the
basin. The C.3 chart 'Unit Basin Storage Size for 80% Capture' is used and is based on the annual
precipitation depth and directly connected impervious area within the drainage area.

B&V Calculation 52.5406.1008 pages 9a to 9c provide detailed calculations for the water quality
treatment storage volume for the pond using the C.3 chart. The mean annual precipitation for the
site is estimated at 12.5 inches, per Contra Costa County Department of Public Works Drawing B
166. The directly connected impervious area (DCIA) coverage is estimated at 50%, which includes
paved and roof surfaces (accounted at 100% DCIA) and gravel surfaces (accounted at 50%).
These values correspond to a 'Unit Basin Storage Size for 80% Capture' value of 0.025 feet from
the chart. When mUltiplied by the area draining to the pond (12.02 acres), the resulting WQV =
0.30 ac-ft. This volume is detained in the pond at elevation 9.34 which is below the pond overflow
elevation of 12.0. The water is released to the wetland via low flow orifices as noted below.

Water Quality Treatment - #6
As discussed in the telephone conversation with PWA on September 2, 2010, the WQV should
drain from the pond within 24-48 hours. It was suggested that the pond should drain closer to 24
hours to maintain hydration of the eXisting wetland area. Low-flow orifices within the pond are
provided to meet this criterion. B&V Calculation 52.5406.1008 page 9b demonstrates the time to
dewater the WQV from the pond.

Given the high permeability of the Delhi Sand soils found in the area, any water below the low-flow
orifices is expected to infiltrate in a short period of time. With three inches of depth below the
orifices and permeability rate of 5.95 to 19.98 in/hr for Delhi Sand, any water below the orifices
would infiltrate swiftly, minimizing the potential for mosquito production.
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Client Name: .....:..:R=ad=.:b:.:a:.::c.:.:.k-=E::..:n.::.;er:.wg~y Page --:..1 _ of

Project Name: Tenaska Project No.: 163994-------------------- ...;..:....:..-...;-------

Calculation Title: Stormwater Analysis for Wetland

Calculation No./File No.:

Calculation Is: (check all that apply) o Preliminary ~ Final o Nuclear Safety-Related

Objective To determine if the existing wetland at the Tenaska project site can retain the runoff of a 100-yr 24-hr

storm without overflowing to other properties. The analysis is performed for pre-construction ground conditions at the

site.

Unverified Assumptions Requiring SUbsequent Verification

No. Assumption Verified By Date

See Page g of this calculation for additional assumptions.

This Section Used for Computer Generated Calculations
Program Name/Number: HEC-HMS Version: 3.3

Evidence of or reference to computer program verification, if applicable:

Bases or reference thereto supporting application of the computer program to the physical problem:

Review and Approval
Rev Prepared By Date Verified By Date Approved By Date

0 J Zhong ,1~ March 5,
pL".,r~ f~J/mm ()f}O 2009 h Mfrt: 01 (AI,;1 (07

I r Z~C111j '7i",,,,/,i.,,,j(' 1--1 Af/{ oq (J., ". {,(;AI, ;)1 Mgt/1 fll..no~ dlN,eel'
;( (! K~J\,~" ~AA 'ic J\ll\ \0

) 'J ~ _,I", 'If I . ' If) IUM I J I .,
-'./-~~t I'J ~" , ".'

3 c.~~L...... C1~~ ., ~{ I" '(Jr-v~j /e W fO (lt.-rv .d.-.., /(,)0:f I

P-GN-100D (Referenced by PDP 4.5)
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Owner: Radback Computed By: J. Zhong
Plant: Tenaska Unit: _-=-__----:-__-=-_:Date: April 21, 2009
Project No.: ....:..16=3=9=9....:..4 File No. $';). S''1QQ. J(J(J~ Verified By: e~
Title: Stormwater Analysis Date: t4J d II f) q
______________________Page: 1 of $' '5

Purpose
To determine if the existing wetland at the Tenaska project site can retain the runoff of a

100-year 24-hour storm without overflowing to other properties. The analysis is performed
for pre-construction ground conditions at the project site. The existing wetland has no outlet
structure.

References
1. Black & Veatch Drawings:

• 163994-SS-3001, Rev. A, "Grading & Drainage - Site"

• 163994-SS-3002, Rev. A, "Grading & Drainage - Site"
2. US Department of Agriculture; Urban Hydrology for Small Watersheds, 2nd Edition;

Technical Release 55 (TR-55); June 1986.
3. US Army Corps of Engineers; Hydrologic Modeling System HEC-HMS, User's Manual,

Version 3.3; September 2008.

4. US Army Corps of Engineers; Hydrologic Modeling System HEC-HMS, Technical
Reference Manual; March 2000.

5. US Department of Commerce; Technical Paper No. 40; Rainfall Frequency Atlas of the

United States for Durations from 30 Minutes to 24 Hours and Return Periods from 1 to
100 Years; May 1961.

6. US Department of Agriculture, Natural Resources Conservation Service; Web Soil
Survey; http://websoilsurvey.nrcs.usda.gov/applWebSoiISurvey.aspx.

7. Mays, L. W.; Stormwater Collection Systems Design Handbook, McGraw-Hili; 2001.

/
8. Black & Veatch Calculation, "IMP Sizing for Plant Area", File No. 52.5406.1002 Rev 0,

Same project, March 2009
, 9. COATr... c",s+.... C'NA.f7 Pvl:.l.~ wo/"-s b~Jl..rfA".",...,~ j 1'1.<.•'" s...."s .." ...J Is .. /'" '1,,-1$ (t>....J 8-1",,,)

pr'c.:p ..f· ...-f1.." b..r ...-t/".., - F"r-t.rV-<A.., - b*-.,.fL... c""'-f...J (IvD - YR~ (0","" 'B -IS.,) ) 1'77

Definition of Units and Constants
English units will be used.

Example of Common Unit Designations:
Rainfall amount in inches (in)
Drainage area in acres (ac)

Attachments
1. HEC-HMS Input

2. HEC-HMS Output
3. Reference 2 - Select Pages

4. Reference 6 - Select Pages
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Summary

Based on the HEC-HMS analysis, the maximum water elevation in the wetland is
determined to be EL 9.0 feet. The lowest elevation where the stormwater in the wetland can
overflow to other properties is EL 11.5 feet. Based on the HEC-HMS analysis with current
ground cover conditions, the stormwater runoff to the wetland will not overflow to other
properties for a 1DO-year 24-hour storm.

See calculations 52.5406.1006 and .1007 for further information on post-development.
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Hydrology Modeling - HEC-HMS

There is one drainage area that will drain to the wetland. See Page~ for the boundary

delineation of this area. This drainage area generally has four types of ground cover: (1)

Vineyard, 19.85 acres; (2) Gravel Pavement, 3.96 acres; (3) Railroad Yard, 0.94 acres; and

(4) Wetland, 0.40 acres. The total area of this drainage area is 25.15 acres (0.0393 mile2
).

The measurements of the above areas were made by using AutoCAD.

The stormwater runoff to the wetland for a 100-year 24-hour storm event was modeled by
using a computer program, HEC-HMS version 3.3, developed by the US Army Corps of
Engineers (Ref. 3).

Section 1.0 Determine the Time of Concentration

Time of concentration (Tc) can be calculated as:

Tc=Tsheet + Tshallow + Tchannel (Ref. 4, Eq. 6-11)
Where:

Tsheet =travel time in sheet flow;

Tshallow = travel time in shallow concentrated flow;

Tchannel = travel time in open channels.

There is no open channel flow on this site. Thus Tchannel = O.

The flow path from the hydraulically most distant point of this drainage area to the wetland is

identified as shown on Page S

The total flow length is measured to 1490 feet.

(1) Sheet Flow

Sheet flow travel time can be calculated as:

T
= O.007(nL)0.8

h t 05 04 (Ref. 2, Eq. 3-3)
s ee (Pz) , s '

Where:

n = roughness coefficient;

L = flow length (ft);

P2 = 2-year, 24-hour rainfall (in);

s = land slope (tUft).
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0. 0 /# (Ilv,-£'-) p"", l,/lajliJ < (Cl.e\t 2.)
Roughness coefficient n = oYfor "cultivated soils, residue cove~O%". (Ref. 2, Table 3-
1) e.~;S+'-"J C..I\~:+iI""J ~"''K. s ,o.rS't ~r">J".l 1~ ... t

('.. 'i~J<l.Jt. J,"'$~,Q P"I ~J'.,.J p\"'..-hs

Per Ref. 2, "After a maximum of 300 feet, sheet flow usually becomes shallow concentrated

flow". Use sheet flow length L = 300 feet. '. '£1>

/.V (14., 2.) 'vN ';to/q ~;{)

2-year, 24-hour rainfall P2 =tinch for this site per Ref)S' (see Page 8 ).

The land slope for the first 300 feet = (24.2-21.5)/300 = 0.009 ftlft. (Refer to Page~)
,(~~~ )

fJ. Ow 31 {f-t. v 2,d (J.
_ 0.007 x (O..;r / X 300)0.8 _ I~

Thus, I',heet - JJ5 04. - O/v hour.
~ . XO).009· f>o.i Gll's/ (0

I." (P-t.v 2 ..

(2) Shallow Concentrated Flow

The flow length for shallow concentrated flow L = 1490-300 = 1190 feet.

The average watercourse slope = (21.5-5) / 1190 = 0.014 ftlft. (Refer to Page '5 )

Based on a slope of 0.014 ftlft, from Ref. 2, Figure 3-1, the average velocity (V) for

"unpaved" surface is found to be:

V = 1.9 ftlsec.

Thus the travel time for shallow concentrated flow is calculated to be:

L 1190
Tshallow= = =O.17hour.

3600xV 3600 x 1.9

In summary, the time of concentration is calculated to be:

Te = Tsheet + Tshallow + Tchannel

7 ~6+0.17+0
l(/;ty t) o:~ = ~hOur. fh~ j &'!IOj!0

O.S~~,. (f2.e'j ,) IV<V

Per Ref. 4, "For ungaged watersheds, the SCS suggests that the UH (unit hydrograph) lag

time may be related to the time of concentration, Te, as: Tlag = 0.6 Te ". See Page~.

The SCS UH lag time (T1ag) is an input parameter into the HEC-HMS computer program.
Thus

Tlag = 0.6 x~ = O~ hour = ~minutes.
osL{ -:: 0.3t'"l L..r -;.. ,~'-t "",:"" (4'1 1-)

i/loj!()
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Chapter 6 Modeling Direct Runoffwith HEC-HMS

UH can be found from the dimensionless form, which is included in HEC-HMS,
by multiplication.
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Figure 6-2. SCS unit hydrograph

Estimating the SCS UH Model Parameters

The SCS UH lag can be estimated via calibration, using procedures described in
Chapter 9, for gaged headwater subwatersheds.

For ungaged watersheds, the SCS suggests that the UH lag time may be related to
time of concentration, tc , as:

(6-10 )

Time of concentration is a quasi-physically based parameter that can be
estimated as

( 6-11 )

( 6-12 )

(.Joft:
111 15 fAlil~ IS

R6'r. 4--.

where tshee/= sum of travel time in sheet flow segments over the watershed land
surface; tshalJaw= sum of travel time in shallow flow segments, down streets, in
gutters, or in shallow rills and rivulets; and tchannel = sum of travel time in channel
segments.

Identify open channels where cross section information is available. Obtain cross
sections from field surveys, maps, or aerial photographs. For these channels,
estimate velocity by Manning's equation:

CR 2/ 3S1/ 2

V=---
n

where V= average velocity; R = the hydraulic radius (defined as the ratio of
channel cross-section area to wetted perimeter); S = slope of the energy grade
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Section 2.0 Rainfall Distribution
From Ref. 2, Figure B-2, the rainfall distribution for the site in Contra Costa County,

California should be Type I distribution. ) f Uv "'.jNJto
q (~. z '/1

l)/ ,.

From Ref. 5, the 1DO-year 24-hour rainfall amount for the site is.A inches. (See Page 1O)t) u.4-

Section 3.0 Determine the Composite SCS Curve Number
"SCS Curve Number" method was used in the HEC-HMS computer program to calculate the
loss rate for the drainage area.

The drainage area generally has four types of ground cover: (1) Vineyard, 19.85 acres; (2)
Gravel Pavement, 3.96 acres; (3) Railroad Yard, 0.94 acres; and (4) Wetland, 0.40 acres.
The total area of this drainage area is 25.15 acres (0.0393 mile2

). The measurements of the
above areas were made by using AutoCAD.

Based on the soil survey information from the US Department of Agriculture Natural
Resources Conservation Service (NRCS), the site in Contra Costa County, California is
covered by "Delhi Sand". See Attachment 4. From the description of "Delhi Sand" by
NRCS, this soil layer is "somewhat excessively drained"; the capacity of the most limiting
layer to transmit water is "high to very high (5.95 to 19.98 in/hr)". See Attachment 4. Per
Ref. 2, this type of soil can be classified as Hydrologic Soil Group A soil.

Per Ref. 2, Table 2-2b, the curve number (CN) for "Row Crops, straight row (SR) with crop
residue cover (CR)" for Group A soil is between 64 (good condition) and 71 (poor condition).
Use the average curve number 68 for the vineyard area.

Per Ref. 2, Table 2-2a, the curve number for gravel area for Group A soil is 76. The ground
cover in railroad yard is similar to the gravel area. Use the same curve number (76) for the
railroad yard.

Treat the wetland as an impervious area since it may have standing water in it. Per Ref. 2,
Table 2-2a, a curve number of 98 can be used for this area.

Thus the composite curve number (CN) for the drainage area is calculated as:

CN = (19.85 x 68 + 3.96 x 76 + 0.94 x 76 + 0.40 x 98) /25.15 = 70.

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
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includes water retained in surface depressions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) can be estimated to be:
la = 0.2 S (Ref. 2, Eq. 2-2)

Where: S = 1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on a composite CN of 70, the initial abstraction is calculated to be:

fa = 0.2x(1000170-1O) = 0.857 inch. ~,,)., ,"'lJt~tr\+

The "SCS Curve Number" method also requires the input of "% impervious' in the cotputer
program. The impervious area consists of the roofs of a few small buildings in the
southwest portion of the drainage area. By using AutoCAD, the total roof area is measured
to be ~acre. Thus,

/ % impervious =~25.15 =~/o, say~
{J.bS 1'1-/-.t'i.' : J O.b$ .;l.,f".,S- ': ..(.l)""t", 2.bC>,~

'/ f~) '. II'" /0
Section 4.0 Wetland Area versus Elevation
The bottom of the wetland is at an approximate elevation of 5 feet. See B&V Drawing SS
3001 (Page 5"). The relationship of Area versus Elevation for the wetland area was
presented in the table below. The wetland area was measured by using AutoCAD. It
should be noted that a small portion of the wetland at the east side within the project
property will be filled at a later time. This area will be graded at a 4 (H) to 1 (V) slope
towards the wetland. The area in the table below at Elevation 10 (1.44 acres) has already
had the future fill area been deducted to accurately model the wetland storage capacity.

Elevation (ft) Wetland Area (acre)

5.0 0.40

7.5 0.62

10.0 1.44

Section 5.0 HEC-HMS Output
The parameters determined in Sections 1.0 through 4.0 were input into the HEC-HMS
computer program. The outflow from the wetland is specified in the HEC-HMS program to
be 0 at all times (no outflow). The initial water elevation in the wetland is specified to be at
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EL 5 assuming that standing water in the wetland is not higher than EL 5 before the 1qp"
year 24-hour storm begins. /,././

/

The maximum water elevation in the wetland was calculated by runnin~EC-HMS
program. /'

/
The output results are included in Attachment 2 and are summa~ below.

Pea.:' \n~~.;.. q ~ft~~~_>~ (~.;/)~;:..')
t ;,'..- Ftak Storage: ..-2~et ~

J Peak Elevation: Yfeet.
~. ~

Refer ce 8 dem strates that t develo
sta County' tormwater . Guidebo . The basi

and treatm t of stormw r runoff. ence, the p
than pr C1evelopme unoff. 7

,I

Conclusion: /

Based on the HEC-HMSjrllalysis, the existing wetland will be able to contain all the runoff
from its drainage are? current ground cover conditions for a 1DO-year 24-hour storm.

From B&V Draw~SS-3001, the lowest elevation where the stormwater in the wetland can
overflow to er properties is EL 11.5 feet. Based on the HEC-HMS analysis, the
stormwater unoff to the wetland will not overflow to other properties for a 1DO-year 24-hour

J

storm. e p on ra 0
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5 \J P~ ILS Ii'? £,00 ) hl,::I' e,.yK..

s~r Pl.:, I~ 0...



Owner: Radback Computed By: C. Kantola
Plant: Tenaska Unit: __--'-'--'-' '-'-:Date: September 7, 2010
Project No.: ....!.:16~3~9~94~--:- ,File No. Verified By: fl;'f)/
Title: Stormwater Analysis Date: ! 6 ;;:''''1'''?( f 0
______________________Page: 11't of 53

EL 5 assuming that standing water in the wetland is not higher than EL 5 before the 100
year 24-hour storm begins.

The maximum water elevation in the wetland was calculated by running the HEC-HM8
program.

The output results are included in Attachment 2 and are summarized below.

Peak Inflow:
Total Runoff:
Peak Elevation:

12.3 fe/sec.
2.79 acre-feet
9.0 feet

Conclusion:
Based on the HEC-HM8 analysis, the existing wetland will be able to contain all the runoff
from its drainage area at current ground cover conditions for a 100-year 24-hour storm.

From B&V Drawing 88-3001, the lowest elevation where the stormwater in the wetland can
overflow to other properties is EL 11.5 feet. Based on the HEC-HM8 analysis, the
stormwater runoff to the wetland will not overflow to other properties for a 100-year 24-hour
storm.
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Ale Edit IIiew C~ PMameten COmpute ResuIi:s Tools Help

(j ~ l'iiHI'i~ + q. ~ t!oo 18.
I~~ki,,,,eBasIn Mode!s
, .... e~BasIn 1

it}~ DralnaQe Area
I8Wedand

ISe Meteorologic Mode!s
I! L1:fr Met 1
I ;:tie c:ontrol Spedications
I I LtfllJ Control 1
I i$·e Time-Series oata

itifZj Oi$<.:harll" Gage$

I''':'9 ~aired Datai i:riQ Elevatlon-Area FUI'iCti<>n$

I

lIMln NlInle: lIMln 1

flement Namm Drainage Area .
DescrIption:

Down$trell/ll:

Drainage Area

\
\ liII Wetland

NOTE 10181;~~d~~~;Cootrot l~~;t time~f 14:t4:46:-·-"~""", __,wm,,~,,,n~~~~,,-~-~,,~=,,~~~,._-__.,_w,_."""_"""_"_"_,,,_,,w,~m,,,,

NOTE '0179: Opened basin model "Ba$ir, " at time 05Mar2l109, 14:14:<10.
NOTE 10160: Opaned mateorologic model "Met I" at time 05Mar2l109' 14:14:47.
NOTE 10194: Began tooljllJtlng slmiAatloo rm "Run l' at time O5Mllr2OO9, 14:14:4$,
NOTE ~364: Found no par_or problem> In mateorologic model "Met 1'.
NOTE <!OO<!9: FOl.Ild nopar_er problem> In basin model "lIasIn 1'.
NOTE 4t743: Initial abslracl:lon ratio for subbasin "Drllit'oall" "".... 1:1 0.2.
NOTE 10185: Flnlshed tooljllJtIng slnwIatIoo run "Run I" at time 05Mar2009, 14:14:48.



Drainage Area

NOTE 10179: Opened ba;;ln model 'llasin I' at line IlMar2lXl9, 13:..2m.
NOTE 101SI: Opened cOftroi speclfk<bons 'Control I' at time IIMar2009, 13:"2:56.
NOTE 101SO: Opened meteoroloQi<; model "Met l'lt time lIMar2lXl9, 13:"2:56,
NOTE lOIS", Il!IQatlc~~ run 'Run I' at time IIMM2lXl9, 13:42:58.
NOTE 2036", Fotxld no par_ proIllems in meteoroloQi<; model "Met 1'.
NOTE 40049: Fotxld no par_1""""''''''"' ba;;ln model 'llasin I'.
NOTE "1743: InIt:ial abstr'KtlOflratio for~ "l>ralNg!l ""'be" is 0.2.
NOTE 10185: finishedc~ simulation run "Run I' at line IIMar2lXl9, 13:"2:58.

., Wetland



Aree
IfjIWel!<lnd

liiiO Meteorologic Models
L~MetI

90Control Spedfketlros
~C<lntroll

e· rime-5ef1es Date
Pisd'ler0l' Geges

5:0Paired Data
\'iH..=t! Elevetloo-Aree FtJnctlons

Drainage Area

NOrE 10161, Opened oriJoi specka!:ions "Control
NOrE 10179, Opened bMin l'IlOdel "lla$1I'I I" lit t:i'ne il5MIlr2OO9,
NOTE 10160, Opened meteorologic model "Mot I" et t:i'ne il5MIlr2OO9, 14:14,47.
NOTE 10164, eeoan cOllllllJtlng~tun "Run l' llt t:i'neil5Mllr2009. 14'14:46.
NOTE W:l64, found noper_erproblems 11'I meteorologic model "Mot I',
NOTE 40049, found naper_er problems InbMin l'IlOdel"Basln I",
NOTE 41743: Initial abstraction ,at., for subbam "Or1lit>loOl' Nea' is 0.2.
NOTE 10185, Anished~sinYhtlanrun"Run I" at tine ll5Mar2009, 14:14:46.

\ III Wetland



itif;:J Dis<harlll' ....
'", U Paired Data

itOElevatl(ln-Ar... functJons

~ Drainage Area
\

\III Wetland

NOTE 10181: Opened ~roJ"~cf~ ·Control "~-oSM:;2OOil4:14:%:~'-"~""'---"-~ ,-''-"..-------
NOTE I017·~:Opened bMln model "BasIn," at time 0SMar2009, 14:'4:1&.
NOTE 10180: Opened mateorologic model "Met I" at tine 0SMar2009, 14'14:47.
NOTE 10184: 6eQan~sirnlAationrun"Run 1"attimeOSMar2009.14:14:16.
NOTE 2036'1: Found no par<lll'eter problems In mat....oIoQic model "Met '",
NOTE 40049: Found no paramater problems In bMln model "Basin I",
NOTE 41743: lnitlalabstraction ratio for SIJbb<IsIn "DrlliM;leAru"ts O,Z.
NOTE 10185: FInlshed~ simulation,..,., "Run I" at tine 0SMar2009, 14:14:16.



W;;; flEe-IJAAS ::U [C;\llmsllroj\Rddback\Radbmkhms] I] ~ 111

r*.o MeteoroioQlc Models
'1f? Met 1

""0Control Spedltations
Ltfll ((lIII:roll

ri;; ,0TIme-_ Data
'r*),.~~~

PairedD<lta
~Elo>v~FUI"IctIons

~ Orainage Area

\

1018l: Opened control~ 'C(lIII:roll' at time 0SMar2009, 14:14:46,
101'1'9: Openedbll!1lnmodel'1la$ln I'attime 0SMar2009, 14:14:16.
10180: Opened llletooroioQlc model "Mot l' at tIlle 0SMar2009, 14:14:47.
101&4: Began comput;ng slmiJlatloi1 rlSl "RlSl l' at time 0SMar2009, 14:14:48.
~: FOI¥ldno"",_erp'oblemslnllletooroioQlcmodel"Mat I',
40049: Foood no"",_er problems In bll!1ln model '1la$In 1",
41743: lnitill4 abstraction ratio for llUbbasIn "DrIliM\lltAl'M"!s O,Z.
10185: Finished comput;ng slmiJlatloi1 run "RlSll' at l:lme 0SMarZ009, 14:14:48.

\!iii Weiland



;;:Jk HfC-HMS J.J IC:\lTmsproj\Radback\Radback.llms] l ""_ t ~

~ Drainage Area

T_Soeries Data
o 0lKharge GaQes
Palre<lDIlte
o Elevation-Area Functlons

o BasIn Models .
~, fl?i BasIn 1

·S .~ Drai>aQe Area
~

<>graph

Wi
(7)0Meteorologic Models

'·9.l9'Met 1
$-0Control Sped'lcations

I ··!ffiCMtroi 1

Wetland

NOTE: 10161: Opened control spWic:atlons 'Controll" at t:ime 0SMar2009, 14: 14:46,
NOTE: 10179: Opened ~Wl model1las1r, I" at t:ime 0SMar2009, 14:14:46.
NOTE: 10160: Opened mel:eorologlc model "Met I"attime 0SMar2009, 14:14:47.
NOTE: 101&4: Beganc~~ion run "Run I' at t:ime OSMar2009, 14:14:48.
NOTE: 20364: Found ""parameter "...,bl""", lnmel:e",ologIc model "Mot I",

TE: 40049: Found "" parameter problems In~ model "llasIn 1".
41143: Initial abstractlorl rlltlo for subbeWl"Dr~ Area" Is 0,2,
10185: FInished~ slnUationrun "Run I" at t:ime0SMar2009, 14:14:48,



scs c......, l\lIJnber
scs lk'lit H)'drO'¥aph
Noa-flow

~ Drainage Mea

10181: Opened drtrol¢iea!;lons 'Conttol.I' at tlIoo~. 1'1: ''1,46,
10179: OpenedbllM model "llasln !' at tlIoo 0SMar2009, 1'1:1'1:46,

TE 10HIO:Opened moteorologlc model "Met !, at tlIoo 0SMar2009, 1'I:t'!,47.
TE 101&t, llegan computlng~ rlll "Rool' at tlIoo OSMar2OO9, H,t'!,48.

OOTE ~$64: Found no p<vameter problems In mot_oIoQlc model "Met I',
NOTE '10049: Found no p<vameter problems In bllM model "8a$In I',
NOTE41743, lnitillI abstraction ratio for~ "Dr'*"";le Arem'!s 0.2.
NOTE 10165, finished ctllflputi1g~,...,"Run I' at tlIoo05Mar2009, t'!:I4:'l6,
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::;iie 8Mln Models
8~8Mlnl

;i! ~ Drai'laqe Aree
MJnbe<

HydrOQfaph
low

• wetland
;;eMet_oloQic Models
8~Metl

' ..~..
s; e Control Sped'katlons

L~Controil

';,e Tlme-S!ties oat"
IJh!:::J Discherge G<Iges

li>e Pelred oate
$1 :i:.:'.:1 Elevetion-Ar"" Functions

Name: ~~.~.~; ".... " " .

Method: Jw::i•...:w••.'w.." ffi<.'"=~•• ..........==.= .
Depth (IN)y ;........... .

Drainage Area

NOTE 10181: Opened control spet#iCatJons 'Control I' at time 0SMar2009, li:14:'!6.
NOTE 10179: Opened besir> model "8asIn t" <It time 05Mar2009, 14: li:'!6.
NOTE 10180: ()peMd meteoroloQic model "Met I" at time 0SMar2Oll9, 1'1: li:47.
NOTE 10H!4: I3egan computlng sImu/al:Ion ,.." "Run I" at time 0SMar2Oll9, 14:14:48.
NOTE ZO:l6'l: Found no parameter problems In met_oloQic model "Met t",

40049: F...m no parameter problems In besir> model "ll4sIn I",
41743: lniti<II abstr..ctkln ,otio for~ "Dr,*,,* Aree" is 0,2.
10165: Finishedcomputlng~,UIl"Run I" at bme 0SMar2009, 14:14:'ffl,

\ IiIl Weiland



101SI, Opened control spec:Wications 'Controll' at t1lne 0SMar2009, 11c,14:46,
10179, Opened bam model "8asIr1 I'at t1lne 0SMar2009, l1c'H,46.
10100: Opened meteorologic model "Met I' at t1lne 0SMar2009, 11c:H:47,
10164: !leo¥> cOllljllJt:lng sl/nlAal:Ion run "'Run I' at t1lne 0SMar2tlO9, 14:14:43.

TE Ul36'l: Found no parameter problems In meteorologic model "Met I'.
TE 40049: Found no parameter problems In bam model "'BasIn I',
TE 41743, Initial abstraction r&to for SIibbasIn'Or~ Area' is 0.2.
TE 101tl5: finished cOIIljllJt:Ing simulation run "Run I" at t1lne D5Mar2009, 14:14:45.

III Wetland
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Wetland
\

ltIl

NOTE 10161: Openeddmtrol~icai:lon!;'Controll' at tJme osMar2009, 1<1:14:%.
NOTE 10179: Openedb6l:lr>model"8a5ln l'attJme05Mar2OO9,I<I:l4:'l6,
NOTE 10160: Opened mat_ofot,jIc model "Met I' at tJme 05Mar2009, 14:14:47,
NOTE 1016<1: eeoan computing sIm!JlltIonr\l'l "Run I' at time 05Mar2009, 14:14:46.
NOTE Z0364: FOII'ld no parlll'1'leter problems In mat_ofot,jIc model "Met I",
NOTE 40049: FOII'ld no parlll'1'leter problems In b6l:lr> model "8a5In I',
NOTE 41743: lnililld abstractlon ret!o for~ 'DrairlaQe Aree" if 0.2.
NOTE 10165: Finished compuiIng SinOJIatiOnrun "Run I' at tlmo 05Mar2009, 14:14:48.
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Control Sped'icatiOn~
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rime-Series Dille



IOR~
I S,O lla$ln Modok
. ,{;;$5) lla$ln 1

fi+~ Drillnage Area
5 Curve I\lumber
S Unit HydrOQfaph

tJiilWet!end
!iT'ZJ MeteoroloQlc Modok
. ;+} 9ft Met 1

;··66 SC5StOflll
Clmttol Spedlc_
.~..
r......S«'1e$ Oat.

Drainage Area

leoPaired D«a
, ':&0 Elevlllloo-Arel\ FtXldlon.

\ III Wetland

NOTE 10181, ~~~~'Contrcll'attimeosM..r2oor.i,14'14'46,
NOTE 10179, Opened bMlt\ rnodeI ~in I' a!: time O5MIlr2OO9, 14:14,46.
NOTE 10100' Opened meteoroloQlc rnodeI'Met l'a!: time 05Mar2009, 14'14:41.
NOTE 101&4, 8el;lan cOl1'll"JlIno simlJatJonrun "Run l'a!: time O5MIlr2OO9, 14:14:48,
NOTE 20:364: Found no par_or problerns In meteO!'oloQlc rnodeI 'Met I',
NOTE 40049: Found no par_or problems in bMlt\ rnodeI~ I',
NOTE 41743, InltialllbstrllCtlon rbtlo for~ 'Drillnage "...,,'1$ O,Z,
NOTE 10165: Finished <:lJIl1PUti1g simlJatJon run "Run I'lit time 05MarZ009, 14,14:48,
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Reservoir "Wetland" Results for Run "Ex 100.24"
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CJ oal<ley2
1:0 0 Simulation Runs

Ex 10.24
,.:, Ex 100.24

~ Global Surnrnary
~ Drainage Area

8 ~Wetland

~-D summary Table
C2] Time-Series Table

I!fiI Outflow
I!fiI Combined Inflow

I!® Storage
I!® Pool Elevation

I!® Reservoir Area

~~Ex I-inch

Run:EO< 100.24 Boment:WETl.AHD Rtiu~:Pool BeYlllion

- __ Run:EO< 100.24 BemenI:WETl.AHD Result:Combined Inflow

NOTE 40049: Found no parameter problems in basin model "Basin 1 - Existing".
NOTE 41743: Initial abstraction ratio for subbasin "DrainaQe Area" is 0.2.
NOTE 10185: Finished computing simulation run "Ex 10.24" at time 07Sep2010, 11:22:37.
NOTE 10180: Opened meteorologic model "Storm3 - 1 inch" at time 07Sep2010, 11:22:39.
NOTE 10184: Began computing simulation run "Ex I-inch" at time 07Sep2010, 11 :22:41.
NOTE 20364: Found no parameter problems in meteorologic model "Storm3 - 1 inch".
NOTE 40049: Found no parameter problems in basin model "Basin 1 - EXisting".
NOTE 41743: Initial abstraction ratio for subbasin "Drainage Area" is 0.2.
NOTE 10185: Finished computing simJlation run "Ex I-inch" at time 07Sep2010, 11 :22:41.

12Jan2020

00:00

I
12:00

11Jan2020

00:00

I
12:00

1OJan2020
legend (Compute Time: 075ep2010, 11 :22:33)

- - - - - - Run:EO< 100.24 Bement:WETLAHD Re"':Storave

-- Run: EO< 1DO.24 Bement :WET1JlHD Result: D.-fIow



Project: Oakley2
Simulation Run: Ex 100.24 Reservoir: Wetland

Start of Run: 10Jan2020, 06:00 Basin Model: Basin 1 - Existing
End of Run: 12Jan2020, 06:00 Meteorologic Model: Storm1 -100.24

Compute Time: 07Sep2010, 11 :22:33 Control Specifications: Control 1

Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 06:00 0.0000 0.000 5.00 0.0000

10Jan2020 06:03 0.0003 0.000 5.00 0.0000

10Jan2020 06:06 0.0011 0.000 5.00 0.0000

10Jan2020 06:09 0.0028 0.000 5.00 0.0000

10Jan2020 06:12 0.0057 0.000 5.00 0.0000

10Jan2020 06:15 0.0097 0.000 5.00 0.0000

10Jan2020 06:18 0.0144 0.000 5.00 0.0000

10Jan2020 06:21 0.0193 0.000 5.00 0.0000

10Jan2020 06:24 0.0240 0.000 5.00 0.0000

10Jan2020 06:27 0.0282 0.000 5.00 0.0000

10Jan2020 06:30 0.0318 0.001 5.00 0.0000

10Jan2020 06:33 0.0347 0.001 5.00 0.0000

10Jan2020 06:36 0.0368 0.001 5.00 0.0000

10Jan2020 06:39 0.0385 0.001 5.00 0.0000

10Jan2020 06:42 0.0398 0.001 5.00 0.0000

10Jan2020 06:45 0.0409 0.001 5.00 0.0000

10Jan2020 06:48 0.0418 0.001 5.00 0.0000

10Jan2020 06:51 0.0424 0.002 5.00 0.0000

10Jan2020 06:54 0.0428 0.002 5.00 0.0000

10Jan2020 06:57 0.0432 0.002 5.00 0.0000

10Jan2020 07:00 0.0435 0.002 5.00 0.0000

10Jan2020 07:03 0.0438 0.002 5.00 0.0000

10Jan2020 07:06 0.0440 0.003 5.00 0.0000

10Jan2020 07:09 0.0442 0.003 5.01 0.0000

10Jan2020 07:12 0.0444 0.003 5.01 0.0000
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

10Jan2020 07:15 0.0447 0.003 5.01 0.0000

10Jan2020 07:18 0.0449 0.003 5.01 0.0000

10Jan2020 07:21 0.0450 0.003 5.01 0.0000

10Jan2020 07:24 0.0451 0.004 5.01 0.0000

10Jan2020 07:27 0.0451 0.004 5.01 0.0000

10Jan2020 07:30 0.0452 0.004 5.01 0.0000

10Jan2020 07:33 0.0452 0.004 5.01 0.0000

10Jan2020 07:36 0.0452 0.004 5.01 0.0000

10Jan2020 07:39 0.0451 0.005 5.01 0.0000

10Jan2020 07:42 0.0451 0.005 5.01 0.0000

10Jan2020 07:45 0.0451 0.005 5.01 0.0000

10Jan2020 07:48 0.0451 0.005 5.01 0.0000

10Jan2020 07:51 0.0451 0.005 5.01 0.0000

10Jan2020 07:54 0.0450 0.005 5.01 0.0000

10Jan2020 07:57 0.0450 0.006 5.01 0.0000

10Jan2020 08:00 0.0450 0.006 5.01 0.0000

10Jan2020 08:03 0.0450 0.006 5.01 0.0000

10Jan2020 08:06 0.0451 0.006 5.01 0.0000

10Jan2020 08:09 0.0451 0.006 5.01 0.0000

10Jan2020 08:12 0.0453 0.007 5.01 0.0000

10Jan2020 08:15 0.0454 0.007 5.01 0.0000

10Jan2020 08:18 0.0456 0.007 5.01 0.0000

10Jan2020 08:21 0.0457 0.007 5.01 0.0000

10Jan2020 08:24 0.0459 0.007 5.01 0.0000

10Jan2020 08:27 0.0461 0.008 5.01 0.0000

10Jan2020 08:30 0.0463 0.008 5.02 0.0000

10Jan2020 08:33 0.0466 0.008 5.02 0.0000

10Jan2020 08:36 0.0469 0.008 5.02 0.0000

10Jan2020 08:39 0.0473 0.008 5.02 0.0000

10Jan2020 08:42 0.0476 0.009 5.02 0.0000

10Jan2020 08:45 0.0478 0.009 5.02 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 08:48 0.0481 0.009 5.02 0.0000

10Jan2020 08:51 0.0484 0.009 5.02 0.0000

10Jan2020 08:54 0.0487 0.009 5.02 0.0000

10Jan2020 08:57 0.0490 0.010 5.02 0.0000

10Jan2020 09:00 0.0494 0.010 5.02 0.0000

10Jan2020 09:03 0.0497 0.010 5.02 0.0000

10Jan2020 09:06 0.0501 0.010 5.02 0.0000

10Jan2020 09:09 0.0505 0.010 5.02 0.0000

10Jan2020 09:12 0.0509 0.011 5.02 0.0000

10Jan2020 09:15 0.0513 0.011 5.02 0.0000

10Jan2020 09:18 0.0517 0.011 5.02 0.0000

10Jan2020 09:21 0.0521 0.011 5.02 0.0000

10Jan2020 09:24 0.0525 0.011 5.02 0.0000

10Jan2020 09:27 0.0529 0.012 5.02 0.0000

10Jan2020 09:30 0.0534 0.012 5.02 0.0000

10Jan2020 09:33 0.0538 0.012 5.02 0.0000

10Jan2020 09:36 0.0543 0.012 5.02 0.0000

10Jan2020 09:39 0.0547 0.012 5.02 0.0000

10Jan2020 09:42 0.0550 0.013 5.03 0.0000

10Jan2020 09:45 0.0554 0.013 5.03 0.0000

10Jan2020 09:48 0.0557 0.013 5.03 0.0000

10Jan2020 09:51 0.0560 0.013 5.03 0.0000

10Jan2020 09:54 0.0563 0.014 5.03 0.0000

10Jan2020 09:57 0.0567 0.014 5.03 0.0000

10Jan2020 10:00 0.0570 0.014 5.03 0.0000

10Jan2020 10:03 0.0574 0.014 5.03 0.0000

10Jan2020 10:06 0.0578 0.015 5.03 0.0000

10Jan2020 10:09 0.0582 0.015 5.03 0.0000

10Jan2020 10:12 0.0585 0.015 5.03 0.0000

10Jan2020 10:15 0.0589 0.015 5.03 0.0000

10Jan2020 10:18 0.0592 0.016 5.03 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 10:21 0.0594 0.016 5.03 0.0000

10Jan2020 10:24 0.0597 0.016 5.03 0.0000

10Jan2020 10:27 0.0599 0.016 5.03 0.0000

10Jan2020 10:30 0.0602 0.017 5.03 0.0000

10Jan2020 10:33 0.0603 0.017 5.03 0.0000

10Jan2020 10:36 0.0604 0.017 5.03 0.0000

10Jan2020 10:39 0.0605 0.017 5.03 0.0000

10Jan2020 10:42 0.0606 0.018 5.03 0.0000

10Jan2020 10:45 0.0607 0.018 5.04 0.0000

10Jan2020 10:48 0.0608 0.018 5.04 0.0000

10Jan2020 10:51 0.0610 0.018 5.04 0.0000

10Jan2020 10:54 0.0613 0.019 5.04 0.0000

10Jan2020 10:57 0.0616 0.019 5.04 0.0000

10Jan2020 11:00 0.0619 0.019 5.04 0.0000

10Jan2020 11 :03 0.0621 0.019 5.04 0.0000

10Jan2020 11:06 0.0623 0.020 5.04 0.0000

10Jan2020 11 :09 0.0624 0.020 5.04 0.0000

10Jan2020 11 :12 0.0625 0.020 5.04 0.0000

10Jan2020 11 :15 0.0626 0.020 5.04 0.0000

10Jan2020 11 :18 0.0626 0.021 5.04 0.0000

10Jan2020 11 :21 0.0627 0.021 5.04 0.0000

10Jan2020 11:24 0.0628 0.021 5.04 0.0000

10Jan2020 11:27 0.0628 0.021 5.04 0.0000

10Jan2020 11 :30 0.0629 0.022 5.04 0.0000

10Jan2020 11:33 0.0631 0.022 5.04 0.0000

10Jan2020 11:36 0.0633 0.022 5.04 0.0000

10Jan2020 11 :39 0.0634 0.022 5.04 0.0000

10Jan2020 11:42 0.0636 0.023 5.04 0.0000

10Jan2020 11 :45 0.0638 0.023 5.05 0.0000

10Jan2020 11:48 0.0640 0.023 5.05 0.0000

10Jan2020 11 :51 0.0643 0.023 5.05 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 11 :54 0.0645 0.024 5.05 0.0000

10Jan2020 11 :57 0.0647 0.024 5.05 0.0000

10Jan2020 12:00 0.0649 0.024 5.05 0.0000

10Jan2020 12:03 0.0651 0.025 5.05 0.0000

10Jan2020 12:06 0.0653 0.025 5.05 0.0000

10Jan2020 12:09 0.0654 0.025 5.05 0.0000

10Jan2020 12:12 0.0655 0.025 5.05 0.0000

10Jan2020 12:15 0.0657 0.026 5.05 0.0000

10Jan2020 12:18 0.0661 0.026 5.05 0.0000

10Jan2020 12:21 0.0667 0.026 5.05 0.0000

10Jan2020 12:24 0.0674 0.026 5.05 0.0000

10Jan2020 12:27 0.0683 0.027 5.05 0.0000

10Jan2020 12:30 0.0693 0.027 5.05 0.0000

10Jan2020 12:33 0.0704 0.027 5.05 0.0000

10Jan2020 12:36 0.0716 0.028 5.05 0.0000

10Jan2020 12:39 0.0728 0.028 5.06 0.0000

10Jan2020 12:42 0.0740 0.028 5.06 0.0000

10Jan2020 12:45 0.0753 0.029 5.06 0.0000

10Jan2020 12:48 0.0766 0.029 5.06 0.0000

10Jan2020 12:51 0.0779 0.029 5.06 0.0000

10Jan2020 12:54 0.0792 0.029 5.06 0.0000

10Jan2020 12:57 0.0805 0.030 5.06 0.0000

1OJan2020 13:00 0.0819 0.030 5.06 0.0000

10Jan2020 13:03 0.0833 0.030 5.06 0.0000

10Jan2020 13:06 0.0847 0.031 5.06 0.0000

10Jan2020 13:09 0.0861 0.031 5.06 0.0000

10Jan2020 13:12 0.0875 0.032 5.06 0.0000

10Jan2020 13:15 0.0887 0.032 5.06 0.0000

10Jan2020 13:18 0.0898 0.032 5.06 0.0000

10Jan2020 13:21 0.0907 0.033 5.06 0.0000

10Jan2020 13:24 0.0916 0.033 5.07 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 13:27 0.0924 0.033 5.07 0.0000

10Jan2020 13:30 0.0931 0.034 5.07 0.0000

10Jan2020 13:33 0.0937 0.034 5.07 0.0000

10Jan2020 13:36 0.0943 0.035 5.07 0.0000

10Jan2020 13:39 0.0949 0.035 5.07 0.0000

10Jan2020 13:42 0.0954 0.035 5.07 0.0000

10Jan2020 13:45 0.0959 0.036 5.07 0.0000

10Jan2020 13:48 0.0964 0.036 5.07 0.0000

10Jan2020 13:51 0.0969 0.037 5.07 0.0000

10Jan2020 13:54 0.0974 0.037 5.07 0.0000

10Jan2020 13:57 0.0978 0.037 5.07 0.0000

1OJan2020 14:00 0.0982 0.038 5.07 0.0000

10Jan2020 14:03 0.0987 0.038 5.08 0.0000

10Jan2020 14:06 0.0992 0.039 5.08 0.0000

10Jan2020 14:09 0.0999 0.039 5.08 0.0000

10Jan2020 14:12 0.1008 0.039 5.08 0.0000

10Jan2020 14:15 0.1020 0.040 5.08 0.0000

10Jan2020 14:18 0.1037 0.040 5.08 0.0000

10Jan2020 14:21 0.1059 0.041 5.08 0.0000

10Jan2020 14:24 0.1086 0.041 5.08 0.0000

10Jan2020 14:27 0.1119 0.042 5.08 0.0000

10Jan2020 14:30 0.1157 0.042 5.08 0.0000

10Jan2020 14:33 0.1199 0.043 5.08 0.0000

10Jan2020 14:36 0.1248 0.043 5.09 0.0000

10Jan2020 14:39 0.1306 0.044 5.09 0.0000

10Jan2020 14:42 0.1381 0.044 5.09 0.0000

10Jan2020 14:45 0.1483 0.045 5.09 0.0000

10Jan2020 14:48 0.1622 0.045 5.09 0.0000

10Jan2020 14:51 0.1804 0.046 5.09 0.0000

10Jan2020 14:54 0.2032 0.047 5.09 0.0000

10Jan2020 14:57 0.2309 0.048 5.09 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 15:00 0.2634 0.049 5.10 0.0000

10Jan2020 15:03 0.3005 0.050 5.10 0.0000

10Jan2020 15:06 0.3419 0.051 5.10 0.0000

10Jan2020 15:09 0.3879 0.053 5.10 0.0000

10Jan2020 15:12 0.4386 0.054 5.11 0.0000

10Jan2020 15:15 0.4945 0.056 5.11 0.0000

10Jan2020 15:18 0.5560 0.059 5.12 0.0000

10Jan2020 15:21 0.6237 0.061 5.12 0.0000

10Jan2020 15:24 0.6977 0.064 5.13 0.0000

10Jan2020 15:27 0.7782 0.067 5.13 0.0000

10Jan2020 15:30 0.8656 0.070 5.14 0.0000

10Jan2020 15:33 0.9627 0.074 5.15 0.0000

10Jan2020 15:36 1.0769 0.078 5.15 0.0000

10Jan2020 15:39 1.2229 0.083 5.16 0.0000

10Jan2020 15:42 1.4229 0.088 5.17 0.0000

10Jan2020 15:45 1.7068 0.095 5.19 0.0000

10Jan2020 15:48 2.1253 0.103 5.20 0.0000

10Jan2020 15:51 2.7659 0.113 5.22 0.0000

10Jan2020 15:54 3.7253 0.126 5.25 0.0000

1OJan2020 15:57 5.0629 0.144 5.29 0.0000

10Jan2020 16:00 6.7488 0.169 5.33 0.0000

10Jan2020 16:03 8.5962 0.201 5.40 0.0000

10Jan2020 16:06 10.2955 0.240 5.47 0.0000

10Jan2020 16:09 11.5563 0.285 5.56 0.0000

10Jan2020 16:12 12.2183 0.334 5.66 0.0000

10Jan2020 16:15 12.2873 0.384 5.76 0.0000

10Jan2020 16:18 11.8892 0.434 5.86 0.0000

10Jan2020 16:21 11.1762 0.482 5.95 0.0000

10Jan2020 16:24 10.2956 0.526 6.04 0.0000

10Jan2020 16:27 9.3922 0.567 6.12 0.0000

10Jan2020 16:30 8.5708 0.604 6.19 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 16:33 7.8738 0.638 6.26 0.0000

10Jan2020 16:36 7.2858 0.670 6.32 0.0000

10Jan2020 16:39 6.7646 0.699 6.38 0.0000

10Jan2020 16:42 6.2888 0.726 6.43 0.0000

10Jan2020 16:45 5.8612 0.751 6.48 0.0000

10Jan2020 16:48 5.4863 0.774 6.53 0.0000

10Jan2020 16:51 5.1620 0.796 6.57 0.0000

10Jan2020 16:54 4.8829 0.817 6.61 0.0000

10Jan2020 16:57 4.6441 0.837 6.65 0.0000

10Jan2020 17:00 4.4396 0.855 6.69 0.0000

10Jan2020 17:03 4.2622 0.873 6.73 0.0000

10Jan2020 17:06 4.1052 0.891 6.76 0.0000

10Jan2020 17:09 3.9649 0.907 6.79 0.0000

10Jan2020 17:12 3.8404 0.923 6.82 0.0000

10Jan2020 17:15 3.7314 0.939 6.86 0.0000

10Jan2020 17:18 3.6359 0.954 6.89 0.0000

10Jan2020 17:21 3.5516 0.969 6.92 0.0000

10Jan2020 17:24 3.4766 0.984 6.94 0.0000

10Jan2020 17:27 3.4094 0.998 6.97 0.0000

10Jan2020 17:30 3.3488 1.012 7.00 0.0000

10Jan2020 17:33 3.2942 1.026 7.03 0.0000

1OJan2020 17:36 3.2459 1.039 7.05 0.0000

10Jan2020 17:39 3.2039 1.052 7.08 0.0000

10Jan2020 17:42 3.1670 1.066 7.11 0.0000

10Jan2020 17:45 3.1339 1.079 7.13 0.0000

10Jan2020 17:48 3.1030 1.091 7.16 0.0000

10Jan2020 17:51 3.0731 1.104 7.18 0.0000

10Jan2020 17:54 3.0430 1.117 7.21 0.0000

10Jan2020 17:57 3.0125 1.129 7.23 0.0000

10Jan2020 18:00 2.9811 1.142 7.26 0.0000

10Jan2020 18:03 2.9491 1.154 7.28 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 18:06 2.9171 1.166 7.30 0.0000

10Jan2020 18:09 2.8855 1.178 7.33 0.0000

10Jan2020 18:12 2.8552 1.190 7.35 0.0000

10Jan2020 18:15 2.8268 1.202 7.37 0.0000

10Jan2020 18:18 2.8010 1.213 7.40 0.0000

10Jan2020 18:21 2.7779 1.225 7.42 0.0000

10Jan2020 18:24 2.7563 1.236 7.44 0.0000

10Jan2020 18:27 2.7348 1.248 7.47 0.0000

10Jan2020 18:30 2.7122 1.259 7.49 0.0000

10Jan2020 18:33 2.6890 1.270 7.51 0.0000

10Jan2020 18:36 2.6656 1.281 7.52 0.0000

10Jan2020 18:39 2.6427 1.292 7.53 0.0000

10Jan2020 18:42 2.6206 1.303 7.54 0.0000

10Jan2020 18:45 2.5995 1.314 7.55 0.0000

10Jan2020 18:48 2.5792 1.324 7.56 0.0000

10Jan2020 18:51 2.5593 1.335 7.57 0.0000

10Jan2020 18:54 2.5400 1.346 7.58 0.0000

10Jan2020 18:57 2.5210 1.356 7.59 0.0000

10Jan2020 19:00 2.5015 1.366 7.60 0.0000

10Jan2020 19:03 2.4813 1.377 7.61 0.0000

1OJan2020 19:06 2.4607 1.387 7.62 0.0000

10Jan2020 19:09 2.4404 1.397 7.63 0.0000

10Jan2020 19:12 2.4199 1.407 7.64 0.0000

10Jan2020 19:15 2.3987 1.417 7.65 0.0000

10Jan2020 19:18 2.3773 1.427 7.66 0.0000

10Jan2020 19:21 2.3560 1.437 7.67 0.0000

10Jan2020 19:24 2.3346 1.446 7.68 0.0000

10Jan2020 19:27 2.3133 1.456 7.69 0.0000

10Jan2020 19:30 2.2925 1.465 7.70 0.0000

10Jan2020 19:33 2.2726 1.475 7.71 0.0000

10Jan2020 19:36 2.2527 1.484 7.72 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 19:39 2.2312 1.494 7.73 0.0000

10Jan2020 19:42 2.2075 1.503 7.74 0.0000

10Jan2020 19:45 2.1821 1.512 7.75 0.0000

10Jan2020 19:48 2.1560 1.521 7.76 0.0000

10Jan2020 19:51 2.1306 1.530 7.76 0.0000

10Jan2020 19:54 2.1064 1.538 7.77 0.0000

10Jan2020 19:57 2.0836 1.547 7.78 0.0000

10Jan2020 20:00 2.0618 1.556 7.79 0.0000

10Jan2020 20:03 2.0392 1.564 7.80 0.0000

10Jan2020 20:06 2.0160 1.572 7.81 0.0000

10Jan2020 20:09 1.9924 1.581 7.82 0.0000

10Jan2020 20:12 1.9691 1.589 7.82 0.0000

10Jan2020 20:15 1.9480 1.597 7.83 0.0000

10Jan2020 20:18 1.9294 1.605 7.84 0.0000

10Jan2020 20:21 1.9122 1.613 7.85 0.0000

10Jan2020 20:24 1.8965 1.621 7.86 0.0000

10Jan2020 20:27 1.8825 1.629 7.86 0.0000

10Jan2020 20:30 1.8705 1.636 7.87 0.0000

10Jan2020 20:33 1.8605 1.644 7.88 0.0000

10Jan2020 20:36 1.8517 1.652 7.89 0.0000

10Jan2020 20:39 1.8444 1.659 7.89 0.0000

10Jan2020 20:42 1.8391 1.667 7.90 0.0000

10Jan2020 20:45 1.8357 1.675 7.91 0.0000

10Jan2020 20:48 1.8336 1.682 7.92 0.0000

10Jan2020 20:51 1.8325 1.690 7.92 0.0000

10Jan2020 20:54 1.8314 1.697 7.93 0.0000

10Jan2020 20:57 1.8294 1.705 7.94 0.0000

10Jan2020 21 :00 1.8264 1.712 7.95 0.0000

10Jan2020 21:03 1.8214 1.720 7.95 0.0000

10Jan2020 21:06 1.8154 1.727 7.96 0.0000

10Jan2020 21:09 1.8103 1.735 7.97 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 21:12 1.8063 1.742 7.98 0.0000

10Jan2020 21:15 1.8032 1.750 7.98 0.0000

10Jan2020 21:18 1.8009 1.757 7.99 0.0000

10Jan2020 21 :21 1.7976 1.765 8.00 0.0000

10Jan2020 21:24 1.7933 1.772 8.01 0.0000

10Jan2020 21:27 1.7891 1.780 8.01 0.0000

1OJan2020 21:30 1.7847 1.787 8.02 0.0000

10Jan2020 21:33 1.7813 1.794 8.03 0.0000

10Jan2020 21:36 1.7784 1.802 8.04 0.0000

10Jan2020 21 :39 1.7751 1.809 8.04 0.0000

10Jan2020 21:42 1.7714 1.816 8.05 0.0000

10Jan2020 21:45 1.7667 1.824 8.06 0.0000

10Jan2020 21:48 1.7624 1.831 8.07 0.0000

10Jan2020 21 :51 1.7593 1.838 8.07 0.0000

10Jan2020 21:54 1.7568 1.846 8.08 0.0000

10Jan2020 21:57 1.7535 1.853 8.09 0.0000

10Jan2020 22:00 1.7501 1.860 8.09 0.0000

10Jan2020 22:03 1.7453 1.867 8.10 0.0000

10Jan2020 22:06 1.7401 1.874 8.11 0.0000

10Jan2020 22:09 1.7359 1.882 8.12 0.0000

10Jan2020 22:12 1.7321 1.889 8.12 0.0000

10Jan2020 22:15 1.7291 1.896 8.13 0.0000

10Jan2020 22:18 1.7266 1.903 8.14 0.0000

10Jan2020 22:21 1.7232 1.910 8.14 0.0000

10Jan2020 22:24 1.7186 1.917 8.15 0.0000

10Jan2020 22:27 1.7133 1.924 8.16 0.0000

10Jan2020 22:30 1.7071 1.931 8.17 0.0000

10Jan2020 22:33 1.7009 1.939 8.17 0.0000

10Jan2020 22:36 1.6952 1.946 8.18 0.0000

10Jan2020 22:39 1.6900 1.953 8.19 0.0000

10Jan2020 22:42 1.6865 1.959 8.19 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 22:45 1.6842 1.966 8.20 0.0000

10Jan2020 22:48 1.6828 1.973 8.21 0.0000

10Jan2020 22:51 1.6821 1.980 8.21 0.0000

10Jan2020 22:54 1.6811 1.987 8.22 0.0000

10Jan2020 22:57 1.6789 1.994 8.23 0.0000

10Jan2020 23:00 1.6755 2.001 8.23 0.0000

10Jan2020 23:03 1.6699 2.008 8.24 0.0000

10Jan2020 23:06 1.6630 2.015 8.25 0.0000

10Jan2020 23:09 1.6572 2.022 8.26 0.0000

10Jan2020 23:12 1.6523 2.029 8.26 0.0000

10Jan2020 23:15 1.6484 2.036 8.27 0.0000

10Jan2020 23:18 1.6452 2.042 8.28 0.0000

10Jan2020 23:21 1.6410 2.049 8.28 0.0000

10Jan2020 23:24 1.6357 2.056 8.29 0.0000

1OJan2020 23:27 1.6305 2.063 8.30 0.0000

10Jan2020 23:30 1.6252 2.069 8.30 0.0000

10Jan2020 23:33 1.6208 2.076 8.31 0.0000

10Jan2020 23:36 1.6170 2.083 8.32 0.0000

10Jan2020 23:39 1.6127 2.089 8.32 0.0000

10Jan2020 23:42 1.6079 2.096 8.33 0.0000

10Jan2020 23:45 1.6023 2.103 8.34 0.0000

10Jan2020 23:48 1.5970 2.109 8.34 0.0000

10Jan2020 23:51 1.5930 2.116 8.35 0.0000

10Jan2020 23:54 1.5895 2.122 8.36 0.0000

10Jan2020 23:57 1.5854 2.129 8.36 0.0000

11Jan2020 00:00 1.5810 2.136 8.37 0.0000

11Jan2020 00:03 1.5752 2.142 8.38 0.0000

11Jan2020 00:06 1.5690 2.149 8.38 0.0000

11Jan2020 00:09 1.5639 2.155 8.39 0.0000

11Jan2020 00:12 1.5592 2.162 8.40 0.0000

11Jan2020 00:15 1.5553 2.168 8.40 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

11Jan2020 00:18 1.5520 2.174 8.41 0.0000

11Jan2020 00:21 1.5478 2.181 8.41 0.0000

11Jan2020 00:24 1.5423 2.187 8.42 0.0000

11Jan2020 00:27 1.5360 2.194 8.43 0.0000

11Jan2020 00:30 1.5289 2.200 8.43 0.0000

11Jan2020 00:33 1.5218 2.206 8.44 0.0000

11Jan2020 00:36 1.5152 2.212 8.45 0.0000

11Jan2020 00:39 1.5091 2.219 8.45 0.0000

11Jan2020 00:42 1.5047 2.225 8.46 0.0000

11Jan2020 00:45 1.5016 2.231 8.46 0.0000

11Jan2020 00:48 1.4995 2.237 8.47 0.0000

11Jan2020 00:51 1.4981 2.244 8.48 0.0000

11Jan2020 00:54 1.4964 2.250 8.48 0.0000

11Jan2020 00:57 1.4935 2.256 8.49 0.0000

11Jan2020 01:00 1.4894 2.262 8.50 0.0000

11Jan2020 01:03 1.4829 2.268 8.50 0.0000

11Jan2020 01:06 1.4752 2.274 8.51 0.0000

11Jan2020 01:09 1.4685 2.280 8.51 0.0000

11Jan2020 01 :12 1.4628 2.286 8.52 0.0000

11Jan2020 01 :15 1.4581 2.292 8.53 0.0000

11Jan2020 01:18 1.4542 2.298 8.53 0.0000

11Jan2020 01:21 1.4493 2.304 8.54 0.0000

11Jan2020 01:24 1.4432 2.310 8.54 0.0000

11Jan2020 01 :27 1.4364 2.316 8.55 0.0000

11Jan2020 01:30 1.4287 2.322 8.56 0.0000

11Jan2020 01:33 1.4211 2.328 8.56 0.0000

11Jan2020 01:36 1.4140 2.334 8.57 0.0000

11Jan2020 01:39 1.4075 2.340 8.57 0.0000

11Jan2020 01:42 1.4027 2.346 8.58 0.0000

11Jan2020 01:45 1.3993 2.351 8.58 0.0000

11Jan2020 01:48 1.3968 2.357 8.59 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

l1Jan2020 01 :51 1.3952 2.363 8.60 0.0000

l1Jan2020 01:54 1.3931 2.369 8.60 0.0000

l1Jan2020 01:57 1.3899 2.375 8.61 0.0000

llJan2020 02:00 1.3855 2.380 8.61 0.0000

llJan2020 02:03 1.3787 2.386 8.62 0.0000

l1Jan2020 02:06 1.3706 2.392 8.62 0.0000

11Jan2020 02:09 1.3635 2.397 8.63 0.0000

11Jan2020 02:12 1.3575 2.403 8.64 0.0000

11Jan2020 02:15 1.3525 2.409 8.64 0.0000

11Jan2020 02:18 1.3483 2.414 8.65 0.0000

11Jan2020 02:21 1.3431 2.420 8.65 0.0000

llJan2020 02:24 1.3367 2.425 8.66 0.0000

l1Jan2020 02:27 1.3304 2.431 8.66 0.0000

l1Jan2020 02:30 1.3239 2.436 8.67 0.0000

l1Jan2020 02:33 1.3185 2.442 8.67 0.0000

llJan2020 02:36 1.3137 2.447 8.68 0.0000

11Jan2020 02:39 1.3085 2.453 8.69 0.0000

llJan2020 02:42 1.3027 2.458 8.69 0.0000

11Jan2020 02:45 1.2960 2.463 8.70 0.0000

11Jan2020 02:48 1.2896 2.469 8.70 0.0000

llJan2020 02:51 1.2846 2.474 8.71 0.0000

llJan2020 02:54 1.2803 2.479 8.71 0.0000

llJan2020 02:57 1.2752 2.485 8.72 0.0000

l1Jan2020 03:00 1.2698 2.490 8.72 0.0000

llJan2020 03:03 1.2631 2.495 8.73 0.0000

llJan2020 03:06 1.2559 2.500 8.73 0.0000

llJan2020 03:09 1.2498 2.505 8.74 0.0000

llJan2020 03:12 1.2441 2.511 8.74 0.0000

11Jan2020 03:15 1.2394 2.516 8.75 0.0000

llJan2020 03:18 1.2352 2.521 8.75 0.0000

llJan2020 03:21 1.2300 2.526 8.76 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

11Jan2020 03:24 1.2236 2.531 8.76 0.0000

11Jan2020 03:27 1.2173 2.536 8.77 0.0000

11Jan2020 03:30 1.2107 2.541 8.77 0.0000

11Jan2020 03:33 1.2052 2.546 8.78 0.0000

11Jan2020 03:36 1.2003 2.551 8.78 0.0000

11Jan2020 03:39 1.1948 2.556 8.79 0.0000

11Jan2020 03:42 1.1888 2.561 8.79 0.0000

11Jan2020 03:45 1.1819 2.566 8.80 0.0000

11Jan2020 03:48 1.1754 2.571 8.80 0.0000

11Jan2020 03:51 1.1702 2.575 8.81 0.0000

11Jan2020 03:54 1.1656 2.580 8.81 0.0000

11Jan2020 03:57 1.1603 2.585 8.82 0.0000

11Jan2020 04:00 1.1547 2.590 8.82 0.0000

11Jan2020 04:03 1.1477 2.595 8.83 0.0000

11Jan2020 04:06 1.1403 2.599 8.83 0.0000

11Jan2020 04:09 1.1339 2.604 8.84 0.0000

11Jan2020 04:12 1.1281 2.609 8.84 0.0000

11Jan2020 04:15 1.1231 2.613 8.85 0.0000

11Jan2020 04:18 1.1188 2.618 8.85 0.0000

11Jan2020 04:21 1.1134 2.623 8.86 0.0000

11Jan2020 04:24 1.1068 2.627 8.86 0.0000

11Jan2020 04:27 1.1002 2.632 8.86 0.0000

11Jan2020 04:30 1.0934 2.636 8.87 0.0000

11Jan2020 04:33 1.0876 2.641 8.87 0.0000

11Jan2020 04:36 1.0825 2.645 8.88 0.0000

11Jan2020 04:39 1.0769 2.650 8.88 0.0000

11Jan2020 04:42 1.0707 2.654 8.89 0.0000

11Jan2020 04:45 1.0636 2.659 8.89 0.0000

11Jan2020 04:48 1.0568 2.663 8.90 0.0000

11Jan2020 04:51 1.0514 2.667 8.90 0.0000

11Jan2020 04:54 1.0466 2.672 8.90 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

11Jan2020 04:57 1.0411 2.676 8.91 0.0000

11Jan2020 05:00 1.0353 2.680 8.91 0.0000

11Jan2020 05:03 1.0281 2.685 8.92 0.0000

11Jan2020 05:06 1.0205 2.689 8.92 0.0000

11Jan2020 05:09 1.0139 2.693 8.93 0.0000

11Jan2020 05:12 1.0079 2.697 8.93 0.0000

11Jan2020 05:15 1.0027 2.701 8.93 0.0000

11Jan2020 05:18 0.9982 2.705 8.94 0.0000

11Jan2020 05:21 0.9927 2.710 8.94 0.0000

11Jan2020 05:24 0.9858 2.714 8.95 0.0000

11Jan2020 05:27 0.9790 2.718 8.95 0.0000

11Jan2020 05:30 0.9721 2.722 8.95 0.0000

11Jan2020 05:33 0.9661 2.726 8.96 0.0000

11Jan2020 05:36 0.9608 2.730 8.96 0.0000

11Jan2020 05:39 0.9550 2.734 8.97 0.0000

11Jan2020 05:42 0.9486 2.738 8.97 0.0000

11Jan2020 05:45 0.9413 2.742 8.97 0.0000

11Jan2020 05:48 0.9344 2.745 8.98 0.0000

11Jan2020 05:51 0.9288 2.749 8.98 0.0000

11Jan2020 05:54 0.9239 2.753 8.99 0.0000

11Jan2020 05:57 0.9182 2.757 8.99 0.0000

11Jan2020 06:00 0.9123 2.761 8.99 0.0000

11Jan2020 06:03 0.8997 2.764 9.00 0.0000

11Jan2020 06:06 0.8759 2.768 9.00 0.0000

11Jan2020 06:09 0.8360 2.772 9.00 0.0000

11Jan2020 06:12 0.7736 2.775 9.01 0.0000

11Jan2020 06:15 0.6907 2.778 9.01 0.0000

11Jan2020 06:18 0.5968 2.781 9.01 0.0000

11Jan2020 06:21 0.5009 2.783 9.02 0.0000

11Jan2020 06:24 0.4097 2.785 9.02 0.0000

11Jan2020 06:27 0.3282 2.786 9.02 0.0000

Page 16



Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

11Jan2020 06:30 0.2577 2.788 9.02 0.0000

11Jan2020 06:33 0.2022 2.788 9.02 0.0000

11Jan2020 06:36 0.1600 2.789 9.02 0.0000

11Jan2020 06:39 0.1266 2.790 9.02 0.0000

11Jan2020 06:42 0.1004 2.790 9.02 0.0000

11Jan2020 06:45 0.0792 2.791 9.02 0.0000

11Jan2020 06:48 0.0623 2.791 9.02 0.0000

11Jan2020 06:51 0.0491 2.791 9.02 0.0000

11Jan2020 06:54 0.0387 2.791 9.02 0.0000

11Jan2020 06:57 0.0303 2.792 9.02 0.0000

11Jan2020 07:00 0.0237 2.792 9.02 0.0000

11Jan2020 07:03 0.0186 2.792 9.02 0.0000

11Jan2020 07:06 0.0145 2.792 9.02 0.0000

11Jan2020 07:09 0.0113 2.792 9.02 0.0000

11Jan2020 07:12 0.0087 2.792 9.02 0.0000

11Jan2020 07:15 0.0067 2.792 9.02 0.0000

11Jan2020 07:18 0.0051 2.792 9.02 0.0000

11Jan2020 07:21 0.0038 2.792 9.02 0.0000

11Jan2020 07:24 0.0028 2.792 9.02 0.0000

11Jan2020 07:27 0.0019 2.792 9.02 0.0000

11Jan2020 07:30 0.0012 2.792 9.02 0.0000

11Jan2020 07:33 0.0007 2.792 9.02 0.0000

11Jan2020 07:36 0.0004 2.792 9.02 0.0000

11Jan2020 07:39 0.0001 2.792 9.02 0.0000

11Jan2020 07:42 0.0000 2.792 9.02 0.0000

11Jan2020 07:45 0.0000 2.792 9.02 0.0000

11Jan2020 07:48 0.0000 2.792 9.02 0.0000

11Jan2020 07:51 0.0000 2.792 9.02 0.0000

11Jan2020 07:54 0.0000 2.792 9.02 0.0000

11Jan2020 07:57 0.0000 2.792 9.02 0.0000

11Jan2020 08:00 0.0000 2.792 9.02 0.0000
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Chapter 2 Estimating Runoff

[eq.2-1J

[eq.2-3]

[eq.2-4)

SCS runoff curve number method

The SCS Runoff CW"Ve Number (CN) method is de
scribed in detail in NEH-4 (SCS 1985). The SCS runoff
equation is

where

Q '" runoff (in)
P =rainfall (in)
S = potential maxirnwn retention after runoff

begins (in) and
= initial abstraction (in)

Initial abstraction CIa) is all losses before runoff
begins. It includes water retained in surface depres
sions, water intercepted by vegetation, evaporation,
and infIltration. I,. is highly variable but generally is
correlated with soil and cover parameters. Through
studies of many small agricultural watersheds, 1.. was
found to be approximated by the following empirical
equation:

Ia = 0.28 [eq.2-2]

By removing Ia as an independent parameter, this
approximation allows use of a combination of S and P
to produce a unique runoff amount. Substituting
equation 2-2 into equation 2-1 gives:

Q = (P-O.28l
(p +0.88)

S is related to the soil and cover conditions of the
watershed through the CN. CN has a range of 0 to 100,
and S is related to CN by:

S = 1000 -10
eN

Figure 2-1 and table 2-1 solve equations 2-3 and 24
for a range of CN's and rainfall.

Factors considered in determin
ing runoff curve numbers

The major factors that determine CN are the hydro
logic soil group (HSG), cover type, treatment, hydro
logic condition, and antecedent runoff condition
(ARC). Another factor considered is whether impervi
ous areas outlet directly to the drainage system (con
nected) or whether the flow spreads over pervious
areas before entering the drainage system (uncon
nected). Figure 2-2 is provided to aid in selecting the
appropriate figure or table for determining cwve
numbers.

CN's in table 2-2 (a to d) represent average antecedent
runoff condition for urban, cultivated agricultural,
other agricultural, and arid and semiarid rangeland
uses. Table 2-2 assumes impervious areas are directly
connected. The following sections explain how to
detennine CN's and how to modify them for urban
conditions.

Hydrologic soil groups

Inf"Iltration rates of soils vary widely and are affected
by subsurface permeability as well as surface intake
rates. Soils are classified into four HSG's CA, B, C, and
D) according to their minimum infiltration rate, which
is obtained for bare soil after prolonged wetting.
Appendix A defines the four groups and provides a list
of most of the soils in the United States and their
group classification. The soils in the area of interest
may be identified from a soil sW"Vey report, which can
be obtained from local SCS offices or soil and water
conservation district offices.

Most urban areas are only partially covered by imper
vious surfaces: the soil remains an important factor in
runoff estimates. Urbanization has a greater effect on
runoff in watersheds with soils having high infIltration
rates (sands and gravels) than in watersheds predomi
nantly of silts and clays, which generally have low
infiltration rates.

Any disturbance of a soil profile can significantly
change its infIltration characteristics. With urbaniza
tion, native soil promes may be mixed or removed or
fill material from other areas may be introduced.
Therefore, a method based on soil texture is given in
appendix A for determining the HSG classification for
disturbed soils.

(2tO·\'l-TR-55, Second Ed ,June 1986) 2-1



Chapter 2

Table 2·2a

Estimating Runoff

Runoff curve nwnbers for urban areas 11

Technical Release 55
Urban Hydrology for Small WatelSheds

----------- Cover description ----------
Curve numbers for

--hydrologic soil group ---

Cover type and hydrologic condition

Fully developed urban areas (vegetation established)

Average percent
impervious area Y A B C D

Open space Oawns, parks, golf courses, cemeteries, etc.) at:
Poor condition (grass cover < 50%) .
Fair condition (grass cover 50% to 75%) ..
Good condition (grass cover> 75%) ,.,,,, , _,., .. ,..

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) .
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) .. " " 'm ,",.~" ,~ ," , .

Paved; open ditches (including right-of-way) ..
I Gravel (including right-of-way) ..

Dirt (including right-of-way) """""", , .
Western desert urban areas:

Natural desert landscaping (pervious areas only) J! ..
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) " .

Urban districts:
Commercial and business .
Industrial _ " ~" _ " , " '''' "'.", ,.", ,..

Residential districts by average lot size:
1/8 acre or less (town houses) •._ _ "-'.......... ...., _ .••"""',...........,,=,.
1/4 acre ", .
1/3 acre , ..
1/2 acre ----··· ' II ~I i 11 i ,' r.' II , " .~.u I .. ~ •••••• ,I Ff'-P"'" "', ~.,
1acre , ~~~ '~l.,"'.,....~~-I '" I'B., , _.. • M • ",._ .~••

2 acres ~n , , ••• , _t-- -...11.__ 0;1 ••"" .

Developing urban areas

68 79 86 89
49 69 79 84
39 61 74 80

98 98 98 98

98 98 98 98
83 89 92 93
76 85 89 91

82 87 89

63 77 85 88

96 96 96 96

85 89 92 94 95
72 81 88 91 93

65 77 85 90 92
38 61 75 83 87
30 57 72 81 86
25 54 70 SO 85
20 51 68 79 84
12 46 65 77 82

Newly graded areas
(pervious areas only, no vegetation) f!/_ ..._ .....,._......_ ......_ ....,..

Idle lands (CN's are deteInlined using cover types
similar to those in table 2.2c).

77 86 91 94

1 Average nmoff condition, and I. =0.28.
2 The average percent impervious area shown was used to develop the composite CN's. Other assumptions are as foUows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN's for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 eN's shown are equivalent to those of pasture. Composite CN's may be computed for other combinations of open space
cover type

4 Composite CN's for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN =98) and the pervious area CN. The pervious area CN's are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN's to use for the design of temporar,y measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN's for the newly graded pervious areas.

(21O-VI-TR-55, Second Ed., June 1986)



Chapter 2 Estimating Runoff Technical Release 55
Urban Hydrology for Small Watersheds

Table 2-2b Runoff curve numbers for cultivated agricultural lands 11

Curve numbers for
Cover description hydrologic soil group

Hydrologic
Cover type Treatment'l/ condition 3' A 8 D

Fallow Bare soil 77 86 91 94
Crop residue cover (CR) Poor 76 85 90 93

Good 74 83 88 90

Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89

SR+CR 71 80 87 90
64 75 82 85

Contoured (C) 79 84 88
65 75 82 B6

C+CR 69 78 83 87
64 74 81 85

Contoured & terraced (C&T) 66 74 80 82
62 71 78 81

C&T+ CR 65 73 79 81
61 70 77 80

Small grain SR Poor 65 76 84 88
Good 63 75 83 87

SR+CR Poor 64 75 83 86
Good 60 72 80 84

C Poor 63 74 82 85
Good 61 73 81 84

C+ CR Poor 62 73 81 84
Good 60 72 80 83

C&T Poor 61 72 79 82
Good 59 70 78 81

C&T+CR Poor 60 71 78 81
Good 58 69 77 80

Close-seeded SR Poor 66 77 85 89
or broadcast Good 58 72 81 85
legumes or C Poor 64 75 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83

Good 51 67 76 80

1 Ave runoff condition, and 1.;0.2S
2 Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.
S Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canopy ofvegetalive areas,

(b) amount of year-round cover, (c) amount of grass or close-5eeded legumes, (d) percent of residue cover on the land surface (good ~ 20%),
and (e) degree of surface roughness.

Poor. FactoIS impair infiltration and tend to increase runoff.

Good: Factors encow-age average and better than avemge infiltration and tend to decrease runoff.

(21~VI-TR-65, Second Ed., June 1986)



Chapler 3 Time of Concentration and Travel Time Technical Release 55
Urban HydTOlogy for Small Watersheds

Sheet flow

Sheet flow is flow over plane surfaces. It usually
occurs in the headwater of streams. With sheet flow,
the friction value (Manning's n) is an effective rough
ness coefficient that includes the effect ofraindrop
impact; drag over the plane surface; obstacles such as
litter, crop ridges, and rocks; and erosion and trans
portation of sediment. These n values are for very
shallow flow depths of about 0.1 foot or so. Table 3-1
gives Manning's n values for sheet flow for various
surface conditions.

Table 3·1 Roughness coefficients (Manning's n) for
sheet flow

For sheet flow of less than 300 feet, use Marming's
kinematic solution (Overtop and Meadows 1976) to
compute Tt :

[eq.3-3]

where:

T t travel time (hr),
n Manning's roughness coefficient (table 3-1)
L =flow length (ft)
Pz = 2-year, 24-hour rainfall (in)
s slope of hydraulic grade line

(land slope, ft/ft)

I The n values are a composite of infonnation compiled by Engman

(1986).
Includes species such as weeping lovegrass, bluegrass, buffalo
grass, blue grarna grass, and native grass mixtures.

~ When selecting n , consider cover tD a height of about 0.1 ft. This
is the only part of the plant cover that will obstruct sheet flow.

Shallow concentrated flow

After determining average velocity in figure 3-1, use
equation 3-1 to estimate travel time for the shallow
concentrated flow segment.

After a maximwn of 300 feet, sheet flow usually be
comes shaDow concentrated flow. The average veloc
ity for this flow can be determined from figure 3-1, in
which average velocity is a fWlction of watercourse
slope and type of channel. For slopes less than 0.005
ft/ft, use equations given in appendix F for figure 3-1.
Tillage can affect the direction of shallow concen
trated flow. Flow may not always be directly down the
watershed slope if tillage runs across the slope.

This simplified fonn of the Manning's kinematic solu
tion is based on the following: (I) shallow steady
unifonn flow, (2) constant intensity of rainfall excess
(that part of a rain available for nmoff), (3) rainfall
duration of 24 hours, and (4) minor effect of int"'tltra
tion on travel time. Rainfall depth can be obtained

-1'\. from appendix B.......

nY

0.15
0.24
0.41
0.13

0.011
0.05

..!!:.Q!L
0.17

Surface description

Smooth surfaces (concrete, asphalt,
gravel, or bare soil) ;-._......,.".,.,.,."_,..on,,, .

Fallow (no residue) .
Cultivated soils:

Residue cover ::;20% ..
Residue cover >20% ." .

Grass:
Shon grass prairte " ..
Dense grasses 21 _ _.., " " ~.

Berrnudagrass. ~" ,.. "... . ""...- " ..
Range (natural) "' .. "".._ ,, ..
Woods:;J{

Light underbrush ,,.. , ', _ ~.._,•.~.. 0.40

Dense underbrush _ , _ , _...::::::..:."'::":".__0:..:...8:..:0_

Open channels

Open channels are assumed to begin where surveyed
cross section infonnation has been obtained, where
channels are visible on aerial photographs, or where
blue lines (indicating streams) appear on United States
Geological Swvey (USGS) quadrangle sheets.
Marming's equation or water surface profile infonna
tion can be used to estimate average flow velocity.
Average flow velocity is usually determined for bank
full elevation.

(21~VI-TR·55, Second Ed., June 1986) 3-3



Chapter 3 Time of Concentration and
Travel Time

Travel time ( Tt ) is the time it takes water to travel
from one location to another in a watershed. Tl is a
component of time of concentration ( Tc), which is
the time for runoff to travel from the hydraulically
most distant point of the watershed to a point of
interest within the watershed. Tc is computed by
summing all the travel times for consecutive compo
nents of the drainage conveyance system.

Computation of travel time and
tune of concentration

Water moves through a watershed as sheet flow,
shallow concentrated flow, open channel flow, or
some combination of these. The type that occurs is a
function of the conveyance system and is best deter
mined by field inspection.

Travel time ( Tt ) is the ratio of flow length to flow
velocity:

Tc influences the shape and peak of the runoff
hydrograph. Urbanization usually decreases Tc,

thereby increasing the peak discharge. Bat Tc can be
increased as a result of (a) ponding behind small or
inadequate drainage systems, including storm drain
inlets and road culverts, or (b) reduction of land slope
through grading.

L
T=--

t 3600V

where;

[eq.3-1]

Fa£tors affecting time of concen
tration and travel time

Surface roughness

One of tile most significant effects of urban develop
ment on flow velocity is less retardance to flow. That
is, undeveloped areas with very slow and shallow
overland flow through vegetation become modified by
urban development: the flow is then delivered to
streets, gutters, and stonn sewers that transport runoff
downstream more rapidly. Travel time through the
watershed is generally decreased.

Channel shape and flow patterns

In small non-urban watersheds, much of the travel
time results from overland flow in upstream areas.
Typically, urbanization reduces overland flow lengths
by conveying storm runoff into a charmel as soon as
possible. Since channel designs have efficient hydrau
lic characteristics, runoff flow velocity increases and
travel time decreases.

Slope

Slopes may be increased or decreased by urbanization,
depending on the extent of site grading or the extent
to which storm sewers and street ditches are used in
the design of the water management system. Slope will
tend to increase when channels are straightened and
decrease when overland flow is directed through
storm sewers, street gutters, and diversions.

Tt = travel time (hr)
L = flow length (ft)
V = average velocity (ft/s)

3600 = conversion factor from seconds to hours.

Time of concentration (Tc ) is the sum ofTt values for
the various consecutive flow segments:

[eq.3-2J

where:

Tc = time of concentration (hr)
m = number of flow segments

(21(}'VI-TR·55, Second Ed., June 1986) 3-1



Chapter 3 Time of Concentration and Travel Time Technical Release 55
Urban Hydrology for Small Watersheds

Flgul"e 3-1 Average velocities for estimating travel time for shallow concentrated flow

. 0,
.....

!
!l'l .00
~
:3

~
!l
~

Average velocity (ftIsec)
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Figure B·2

,0

Approximate geographic boundaries for NRCS (SCS) rainfall distributions

Type J

o Type lA

o Type II

~ Type III

Rainf'all data sources
This section lists the most current 24-hour rainfall data
published by the National Weather SeIVice (NWS) for
various parts of the countIy. Because NWS Technical
Paper 40 (TP-40) is out of print, the 24-hour rainfall
maps for areas east of the 105th meridian are included
here as figures B-3 through B-8. For the area generally
west of the 105th meridian, TP-40 has been superseded
by NOAA Atlas 2, the Precipitation-Frequency Atlas of
the Western United States, published by the National
Ocean and Atmospheric Administration.

East of 105th meridian
Hershfield, D.M. 1961. Rainfall frequency atlas of the
United States for durations from 30 minutes to 24
hours and return periods from I to 100 years. U.S.
Dept. Commerce, Weather Bur. Tech. Pap. No. 40.
Washington, DC. 155 p.

West of l05th meridian
Miller, J.F., R.H. Frederick, and R.J. Tracey. 1973.
Precipitation-frequency atlas of the Western United
States. Vol. I Montana; Vol. n, Wyoming; VolllI, Colo
rado; Vol. IV, New Mexico; Vol V, Idaho; Vol. VI, Utah;
Vol. VII, Nevada; Vol. VIn, Arizona; Vol. lX, Washing
ton; Vol. X, Oregon; Vol. XI, California. U.S. Dept. of

Commerce, National Weather Service, NOAA Atlas 2.
Silver Spring, MD.

Alaska
Miller, John F, 1963. Probable maximum precipitation
and rainfall-frequency data for Alaska for areas to 400
square miles, durations to 24 hours and return periods
from 1 to 100 years. U.S. Dept. of Commerce, Weather
Bur. Tech. Pap. No. 47. Washington, DC. 69 p.

Hawaii
Weather Bureau. 1962. Rainfall-frequency atlas of the
Hawaiian Islands for areas to 200 square miles, dura
tions to 24 hours and return periods from 1 to 100
years. U.S. Dept. Commerce, Weather Bur. Tech. Pap.
No. 43. Washington, DC. 60 p.

Puerto Rico and Virgin Islands
Weather Bureau. 1961. Generalized estimates of proD
able maximum precipitation and rainfall-frequency
data for Puerto Rico and Virgin Islands for areas to 400
square miles, durations to 24 hours, and return periods
from 1 to 100 years. U.S. Dept. Commerce, Weather
Bur. Tech. Pap. No. 42. Washington, DC. 94 P.

(21Q-VI-TR-55, Second Ed., June 1986)



Appendix A Hydrologic Soil Groups

Soils are classified into hydrologic soil groups (HSG's)
to indicate the minimum rate of infIltration obtained for
bare soil after prolonged wetting. The HSG's, which are
A, B, C, and D, are one element used in determining
runoff curve nwnbers (see chapter 2). For the conve
nience ofTR-55 users, exhibit A-1lists the HSG classifi
cation of United States soils.

Disturbed soil profiles

As a result of urbanization, the soil profIle may be con
siderably altered and the listed group classification may
no longer apply. In these circumstances, use the follow
ing to determine HSG according to the texture of the
new surface soil, provided that significant compaction
has not occurred (Brakensiek and Rawls 1983).

The infiltration rate is the rate at which water enters the
soil at the soil surface. It is controlled by surface condi
tions. HSG also indicates the transmission rate-the rate
at which the water moves within the soil. This rate is
controlled by the soil profile. Approximate nwnerical
ranges for transmission rates shown in the HSG defini
tions were first published by Musgrave (USDA 1955).
The four groups are defined by SCS soil scientists as
follows:

HSG

B

C

D

Soil textures

Sandy clay loam

Clay loam, silty clay loam, sandy clay, silty
clay, or clay

Group Asoils have low runoff potential and high infIl
tration rates even when thoroughly wetted. They consist
chiefly of deep, well to excessively drained sand or
gravel and have a high rate of water transmission
(greater than 0.30 in/hr).

Group Bsoils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately
deep to deep, moderately well to well drained soils with
moderately fme to moderately coarse textures. These
soils have a moderate rate of water transmission (O.lfr
0.30 in/hr).

Group Csoils have low infiltration rates when thor
oughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a
low rate of water transmission (0.OfrO.15 in/hr).

Group Thoils have high runoff potential. They have
very low inmtration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling poten
tial, soils with a permanent high water table, soils with a
claypan or clay layer at or near the surface, and shallow
soils over nearly impervious material. These soils have a
very low rate of water transmission (0-0.05 in/hr).

In exhibit A-I, some of the listed soils have an added
modifier; for example, ..Abrazo, gravelly." This refers to
a gravelly phase of the Abrazo series that is found in
SCS soil map legends.

Drainage and group D soils

Some soils in the list are in group D because of a high
water table that creates a drainage problem. Once these
soils are effectively drained, they are placed in a differ
ent group. For example, Ackerman soil is classified as
AID. This indicates that the drained Ackerman soil is in
group A and the undrained soil is in group D.

(21o-Vl-TR-55, Second Eel, June 1986) A-l
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Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPE~ontraCosta
County, Califomia

Map Unit Description

Contra Cosla County Tanaska Project Site

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 in this
report, 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 sailor soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They mayor 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 pattem 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 ofthe 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,
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.

Natural Resources
Conservation Service

Web Soli Survey 2.1
National Cooperative Soil Survey

2/1812009
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Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPES-Contra Costa
County, Califomia

Contra Costa County Tanaska Project Site

Soils that have profiles that are almost alike make up a soil series. All the soils of
a series have major horizons that are similar in composition, thickness, and
arrangement. Soils of a given 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 pattem and proportion ofthe 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 indude misce((aneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.

Additional information about the map units described in this report is available in
other soil reports, which give properties of the soils and the limitations, capabilities,
and potentials for many uses. Also, the narratives that accompany the soil reports
define some of the properties included in the map unit descriptions.

Contra Costa County, California

Cae-DELHI SAND, 2 TO 9 PERCENT SLOPES

Map Unit Setting
Elevation: 10 to 150 feet
Mean annual precipitation: 12 to 14 inches
Mean annua( air temperature: 59 degrees F
Frost-free period: 260 to 300 days

Map Unit Composition
Delhi and similar soils: 85 percent
Minor components: 15 percent

'dS!)A Natural Resources
Conservation Service

Web Soil Survey 2.1
National Cooperalive Soil Survey

211812009
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Map Unit Descriplion: DELHI SAND, 2 TO 9 PERCENT SlOPES-Contra Costa
County, California

Conlta Costa County Tanaska Project Site

Description of Delhi

Setting
Landform: Flood plains, terraces, alluvial fans
Landform position (three-dimensional): Tread, talf
Down-slope shape: linear
Across-slope shape: linear
Parent material: Eolian deposits derived from igneous and

sedimentary rock

Properties and qualities
Slope: 2 to 9 percent

9prh 10 mS/riCfive-:fesWrn: More lhan SO Inohes
Drainage class: orne ece'Ssflle drahe
Capacity of the most Ifmlting layer 10 rransmJ1 water (Ksat): High to

very high 6. 5 to ioJ r
Depth to waf . are U,an 80 inches
Frequency of flooding: None
Frequency ofponding: None
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Available water capacity: Low (about 4.2 inches)

Interpretive groups
Land capabilffy classification (irrigated): 3s
Land capability (nonirrigated): 6e

Typical profile
(0 ~h

SI 0 nah

Minor Components

Unnamed
Percent of map unit: 12 percent

Laugenour
Percent of map unit: 3 percent

Data Source Information

Soil Survey Area:
Survey Area Data:

Natural Resources
Conservation ServIce

Contra Costa County, California
Version 8, Jul 22, 2008

Web Soil Survey 2.1
National Cooperative' Soil Survey

2/1812009
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Reservoir "Wetland" Results for Run "Run1 - Ex 100.24"
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Project: Oakley
Simulation Run: Run1 - Ex 100.24 Reservoir: Wetland

Start of Run: 10Jan2020,06:00 Basin Model: Basin 1 - Existin
End of Run: 12Jan2020, 06:00 Meteorologic Model: Storm1 - 10

Compute Time: 22Jun2010, 08:13:54 Control Specifications: Control

Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 06:00 0.0000 0.000 5.00 0.0000

10Jan2020 06:03 0.0001 0.000 5.00 0.0000

10Jan2020 06:06 0.0004 0.000 5.00 0.0000

10Jan2020 06:09 0.0011 0.000 5.00 0.0000

10Jan2020 06:12 0.0022 0.000 5.00 0.0000

10Jan2020 06:15 0.0037 0.000 5.00 0.0000

10Jan2020 06:18 0.0055 0.000 5.00 0.0000

10Jan2020 06:21 0.0074 0.000 5.00 0.0000

10Jan2020 06:24 0.0092 0.000 5.00 0.0000

10Jan2020 06:27 0.0108 0.000 5.00 0.0000

10Jan2020 06:30 0.0122 0.000 5.00 0.0000

10Jan2020 06:33 0.0133 0.000 5.00 0.0000

10Jan2020 06:36 0.0142 0.000 5.00 0.0000

10Jan2020 06:39 0.0148 0.000 5.00 0.0000

10Jan2020 06:42 0.0153 . 0.000 5.00 0.0000

10Jan2020 06:45 0.0157 0.000 5.00 0.0000

10Jan2020 06:48 0.0161 0.001 5.00 0.0000

10Jan2020 06:51 0.0163 0.001 5.00 0.0000

10Jan2020 06:54 0.0165 0.001 5.00 0.0000

10Jan2020 06:57 0.0166 0.001 5.00 0.0000

10Jan2020 07:00 0.0167 0.001 5.00 0.0000

10Jan2020 07:03 0.0168 0.001 5.00 0.0000

10Jan2020 07:06 0.0169 0.001 5.00 0.0000

10Jan2020 07:09 0.0170 0.001 5.00 0.0000

10Jan2020 07:12 0.0171 0.001 5.00 0.0000
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

10Jan2020 07:15 0.0172 0.001 5.00 0.0000

10Jan2020 07:18 0.0173 0.001 5.00 0.0000

10Jan2020 07:21 0.0173 0.001 5.00 0.0000

10Jan2020 07:24 0.0173 0.001 5.00 0.0000

10Jan2020 07:27 0.0174 0.001 5.00 0.0000

10Jan2020 07:30 0.0174 0.002 5.00 0.0000

10Jan2020 07:33 0.0174 0.002 5.00 0.0000

10Jan2020 07:36 0.0174 0.002 5.00 0.0000

10Jan2020 07:39 0.0174 0.002 5.00 0.0000

10Jan2020 07:42 0.0173 0.002 5.00 0.0000

10Jan2020 07:45 0.0173 0.002 5.00 0.0000

10Jan2020 07:48 0.0173 0.002 5.00 0.0000

10Jan2020 07:51 0.0173 0.002 5.00 0.0000

10Jan2020 07:54 0.0173 0.002 5.00 0.0000

10Jan2020 07:57 0.0173 0.002 5.00 0.0000

10Jan2020 . 08:00 0.0173 0.002 5.00 0.0000

10Jan2020 08:03 0.0173 0.002 5.00 0.0000

10Jan2020 08:06 0.0173 0.002 5.00 0.0000

10Jan2020 08:09 0.0174 0.002 5.00 0.0000

10Jan2020 08:12 0.0174 0.003 5.01 0.0000

10Jan2020 08:15 0.0175 0.003 5.01 0.0000

10Jan2020 08:18 0.0175 0.003 5.01 0.0000

10Jan2020 08:21 0.0176 0.003 5.01 0.0000

10Jan2020 08:24 0.0176 0.003 5.01 0.0000

10Jan2020 08:27 0.0177 0.003 5.01 0.0000

10Jan2020 08:30 0.0178 0.003 5.01 0.0000

10Jan2020 08:33 0.0179 0.003 5.01 0.0000

10Jan2020 08:36 0.0181 0.003 5.01 0.0000

10Jan2020 08:39 0.0182 0.003 5.01 0.0000

10Jan2020 08:42 0.0183 0.003 5.01 0.0000

10Jan2020 08:45 0.0184 0.003 5.01 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 08:48 0.0185 0.003 5.01 0.0000

10Jan2020 08:51 0.0186 0.004 5.01 0.0000

10Jan2020· 08:54 0.0187 0.004 5.01 0.0000

10Jan2020 08:57 0.0189 0.004 5.01 0.0000

10Jan2020 09:00 0.0190 0.004 5.01 0.0000

10Jan2020 09:03 0.0191 0.004 5.01 0.0000

10Jan2020 09:06 0.0193 0.004 5.01 0.0000

10Jan2020 09:09 0.0194 0.004 5.01 0.0000

10Jan2020 09:12 0.0196 0.004 5.01 0.0000

10Jan2020 09:15 0.0197 0.004 5.01 0.0000

10Jan2020 09:18 0.0199 0.004 5.01 0.0000

10Jan2020 09:21 0.0201 0.004 5.01 0.0000

10Jan2020 09:24 0.0202 0.004 5.01 0.0000

10Jan2020 09:27 0.0204 0.004 5.01 0.0000

10Jan2020 09:30 0.0205 0.005 5.01 0.0000

10Jan2020. 09:33 0.0207 0.005 5.01 0.0000

10Jan2020 09:36 0.0209 0.005 5.01 0.0000

10Jan2020 09:39 0.0210 0.005 5.01 0.0000

10Jan2020 09:42 0.0212 0.005 5.01 0.0000

10Jan2020 09:45 0.0213 0.005 5.01 0.0000

10Jan2020 09:48 0.0214 0.005 5.01 0.0000

10Jan2020 09:51 0.0215 0.005 5.01 0.0000

10Jan2020 09:54 0.0217 0.005 5.01 0.0000

10Jan2020 09:57 0.0218 0.005 5.01 0.0000

10Jan2020 10:00 0.0219 0.005 5.01 0.0000

10Jan2020 10:03 0.0221 0.006 5.01 0.0000

10Jan2020 10:06 0.0222 0.006 5.01 0.0000

10Jan2020 10:09 0.0224 0.006 5.01 0.0000

10Jan2020 10:12 0.0225 0.006 5.01 0.0000

10Jan2020 10:15 0.0226 0.006 5.01 0.0000

10Jan2020 10:18 0.0228 0.006 5.01 0.0000
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

10Jan2020 10:21 0.0229 0.006 5.01 0.0000

10Jan2020 10:24 0.0230 0.006 5.01 0.0000

10Jan2020 10:27 0.0231 0.006 . 5.01 0.0000

10Jan2020 10:30 0.0231 0.006 5.01 0.0000

10Jan2020 10:33 0.0232 0.006 5.01 0.0000

10Jan2020 10:36 0.0232 0.007 5.01 0.0000

10Jan2020 10:39 0.0233 0.007 5.01 0.0000

10Jan2020 10:42 0.0233 0.007 5.01 0.0000

10Jan2020 10:45 0.0233 0.007 5.01 0.0000

10Jan2020 10:48 0.0234 0.007 5.01 0.0000

10Jan2020 10:51 0.0235 0.007 5.01 0.0000

10Jan2020 10:54 0.0236 0.007 5.01 0.0000

10Jan2020 10:57 0.0237 0.007 5.01 0.0000

10Jan2020 11:00 0.0238 0.007 5.01 0.0000

10Jan2020 11:03 0.0239 0.007 5.01 0.0000

10Jan2020 11:06 0.0240 0.008 5.01 0.0000

10Jan2020 11:09 0.0240 0.008 5.02 0.0000

10Jan2020 11 :12 0.0241 0.008 5.02 0.0000

10Jan2020 11 :15 0.0241 0.008 5.02 0.0000

10Jan2020 11 :18 0.0241 0.008 5.02 0.0000

10Jan2020 11 :21 0.0241 0.008 5.02 0.0000

10Jan2020 11:24 0.0241 0.008 5.02 0.0000

10Jan2020 11:27 0.0242 0.008 5.02 0.0000

10Jan2020 11:30 0.0242 0.008 5.02 0.0000

10Jan2020 11:33 0.0243 0.008 5.02 0.0000

10Jan2020 11:36 0.0243 0.009 5.02 0.0000

10Jan2020 11:39 0.0244 0.009 5.02 0.0000

10Jan2020 11:42 0.0245 0.009 5.02 0.0000

10Jan2020 11:45 0.0245 0.009 5.02 0.0000

10Jan2020 11:48 0.0246 0.009 5.02 0.0000

10Jan2020 11 :51 0.0247 0.009 5.02 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 11:54 0.0248 0.009 5.02 0.0000

10Jan2020 11:57 0.0249 0.009 5.02 0.0000

10Jan2020· 12:00 0.0250 0.009 5.02 0.0000

10Jan2020 12:03 0.0251 0.009 5.02 0.0000

10Jan2020 12:06 0.0251 0.010 5.02 0.0000

10Jan2020 12:09 0.0252 0.010 5.02 0.0000

10Jan2020 12:12 0.0252 0.010 5.02 0.0000

10Jan2020 12:15 0.0253 0.010 5.02 0.0000

10Jan2020 12:18 0.0254 0.010 5.02 0.0000

10Jan2020 12:21 0.0256 0.010 5.02 0.0000

10Jan2020 12:24 0.0259 0.010 5.02 0.0000

10Jan2020 12:27 0.0263 0.010 5.02 0.0000

10Jan2020 12:30 0.0267 0.010 5.02 0.0000

10Jan2020 12:33 0.0271 0.011 5.02 0.0000

10Jan2020 12:36 0.0275 0.011 5.02 0.0000

10Jan2020 12:39 0.0280 0.011 5.02 0.0000

10Jan2020 12:42 0.0285 0.011 5.02 0.0000

10Jan2020 12:45 0.0290 0.011 5.02 0.0000

10Jan2020 12:48 0.0295 0.011 5.02 0.0000

10Jan2020 12:51 0.0300 0.011 5.02 0.0000

10Jan2020 12:54 0.0305 0.011 5.02 0.0000

10Jan2020 12:57 0.0310 0.011 5.02 0.0000

10Jan2020 13:00 0.0315 0.012 5.02 0.0000

10Jan2020 13:03 0.0320 0.012 5.02 0.0000

10Jan2020 13:06 0.0326 0.012 5.02 0.0000

10Jan2020 13:09 0.0331 0.012 5.02 0.0000

10Jan2020 13:12 0.0336 0.012 5.02 0.0000

10Jan2020 13:15 0.0341 0.012 5.02 0.0000

10Jan2020 13:18 0.0345 0.012 5.02 0.0000

10Jan2020 13:21 0.0349 0.013 5.02 0.0000

10Jan2020 13:24 0.0352 0.013 5.03 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 13:27 0.0355 0.013 5.03 0.0000

10Jan2020 13:30 0.0358 0.013 5.03 0.0000

10Jan2020 13:33 0.0360 0.013 .. 5.03 0.0000

10Jan2020 13:36 0.0363 0.013 5.03 0.0000

10Jan2020 13:39 0.0365 0.013 5.03 0.0000

10Jan2020 13:42 0.0367 0.014 5.03 0.0000

10Jan2020 13:45 0.0369 0.014 5.03 0.0000

10Jan2020 13:48 0.0371 0.014 5.03 0.0000

10Jan2020 13:51 0.0373 0.014 5.03 0.0000

10Jan2020 13:54 0.0374 0.014 5.03 0.0000

10Jan2020 13:57 0.0376 0.014 5.03 0.0000

10Jan2020 14:00 0.0378 0.015 5.03 0.0000

10Jan2020 14:03 0.0380 0.015 5.03 0.0000

10Jan2020 14:06 0.0382 0.015 5.03 0.0000

10Jan2020 14:09 0.0384 0.015 5.03 0.0000

10Jan2020 14:12 0.0388 0.015 5.03 0.0000

10Jan2020 14:15 0.0392 0.015 5.03 0.0000

10Jan2020 14:18 0.0399 0.015 5.03 0.0000

10Jan2020 14:21 0.0407 0.016 5.03 0.0000

10Jan2020 14:24 0.0418 0.016 5.03 0.0000

10Jan2020 14:27 0.0430 0.016 5.03 0.0000

10Jan2020 14:30 0.0445 0.016 5.03 0.0000

10Jan2020 14:33 0.0462 0.016 5.03 0.0000

10Jan2020 14:36 0.0483 0.017 5.03 0.0000

10Jan2020 14:39 0.0513 0.017 5.03 0.0000

10Jan2020 14:42 0.0560 0.017 5.03 0.0000

10Jan2020 14:45 0.0634 0.017 5.03 0.0000

10Jan2020 14:48 0.0745 0.018 5.03 0.0000

10Jan2020 14:51 0.0900 0.018 5.04 0.0000

10Jan2020 14:54 0.1101 0.018 5.04 0.0000

10Jan2020 14:57 0.1351 0.019 5.04 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 15:00 0.1650 0.019 5.04 0.0000

10Jan2020 15:03 0.1996 0.020 5.04 0.0000

10Jan2020 15:06 . 0.2385 0.021 5.04 0.0000

10Jan2020 15:09 0.2819 0.022 5.04 0.0000

10Jan2020 15:12 0.3300 0.023 5.05 0.0000

10Jan2020 15:15 0.3831 0.025 5.05 0.0000

10Jan2020 15:18 0.4418 0.027 5.05 0.0000

10Jan2020 15:21 0.5063 0.029 5.06 0.0000

10Jan2020 15:24 0.5771 0.031 5.06 0.0000

10Jan2020 15:27 0.6542 0.033 5.07 0.0000

10Jan2020 15:30 0.7381 0.036 5.07 0.0000

10Jan2020 15:33 0.8313 0.039 5.08 0.0000

10Jan2020 15:36 0.9409 0.043 5.09 0.0000

10Jan2020 15:39 1.0805 0.047 5.09 0.0000

10Jan2020 15:42 1.2711 0.052 5.10 0.0000

10Jan2020 15:45 1.5412 0.058 5.11 0.0000

10Jan2020 15:48 1.9399 0.065 5.13 0.0000

10Jan2020 15:51 2.5519 0.074 5.15 0.0000

10Jan2020 15:54 3.4727 0.087 5.17 0.0000

10Jan2020 15:57 4.7619 0.104 5.21 0.0000

10Jan2020 16:00 6.3932 0.127 5.25 0.0000

10Jan2020 16:03 8.1882 0.157 5.31 0.0000

10Jan2020 16:06 9.8475 0.194 5.38 0.0000

10Jan2020 16:09 11.0883 0.238 5.47 0.0000

10Jan2020 16:12 11.7521 0.285 5.56 0.0000

10Jan2020 16:15 11.8419 0.333 5.66 0.0000

10Jan2020 16:18 11.4779 0.382 5.75 0.0000

10Jan2020 16:21 10.8064 0.428 5.85 0.0000

10Jan2020 16:24 9.9691 0.471 5.93 0.0000

10Jan2020 16:27 9.1061 0.510 6.01 0.0000

10Jan2020 16:30 8.3194 0.546 6.08 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 16:33 7.6513 0.579 6.14 0.0000

10Jan2020 16:36 7.0873 0.610 6.20 0.0000

10Jan2020· 16:39 6.5866 0.638 6.26 0.0000

10Jan2020 16:42 6.1289 0.664 6.31 0.0000

10Jan2020 16:45 5.7169 0.689 6.36 0.0000

10Jan2020 16:48 5.3553 0.711 6.41 0.0000

10Jan2020 16:51 5.0424 0.733 6.45 0.0000

10Jan2020 16:54 4.7729 0.753 6.49 0.0000

10Jan2020 16:57 4.5421 0.772 6.53 0.0000

10Jan2020 17:00 4.3445 0.791 6.56 0.0000

10Jan2020 17:03 4.1730 0.808 6.60 0.0000

10Jan2020 17:06 4.0212 0.825 6.63 0.0000

10Jan2020 17:09 3.8854 0.642 6.66 0.0000

10Jan2020 17:12 3.7648 0.857 6.69 0.0000

10Jan2020 17:15 3.6592 0.873 6.72 0.0000

10Jan2020 17:18 3.5667 0.888 6.75 0.0000

10Jan2020 17:21 3.4851 0.902 6.78 0.0000

10Jan2020 17:24 3.4126 0.917 6.81 0.0000

10Jan2020 17:27 3.3475 0.930 6.84 0.0000

10Jan2020 17:30 3.2888 0.944 6.87 0.0000

10Jan2020 17:33 3.2360 0.958 6.89 0.0000

10Jan2020 17:36 3.1892 0.971 6.92 0.0000

10Jan2020 17:39 3.1484 0.984 6.94 0.0000

10Jan2020 17:42 3.1128 0.997 6.97 0.0000

10Jan2020 17:45 3.0807 1.010 7.00 0.0000

10Jan2020 17:48 3.0508 1.022 7.02 0.0000

10Jan2020 17:51 3.0218 1.035 7.05 0.0000

10Jan2020 17:54 2.9927 1.047 7.07 0.0000

10jan2020 17:57 2.9631 1.060 7.09 0.0000

10Jan2020 18:00 2.9326 1.072 7.12 0.0000

10Jan2020 18:03 2.9015 1.084 7.14 0.0000
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

10Jan2020 18:06 2.8703 1.096 7.17 0.0000

10Jan2020 18:09 2.8396 1.108 7.19 0.0000

10Jan2020 18:12 2.8102 1.119 7.21 0.0000

10Jan2020 18:15 2.7825 1.131 7.23 0.0000

10Jan2020 18:18 2.7574 1.142 7.26 0.0000

10Jan2020 18:21 2.7349 1.154 7.28 0.0000

10Jan2020 18:24 2.7140 1.165 7.30 0.0000

10Jan2020 18:27 2.6931 1.176 7.32 0.0000

10Jan2020 18:30 2.6711 1.187 7.35 0.0000

10Jan2020 18:33 2.6485 1.198 7.37 0.0000

10Jan2020 18:36 2.6258 1.209 7.39 0.0000

10Jan2020 18:39 2.6034 1.220 7.41 0.0000

10Jan2020 18:42 2.5819 1.231 7.43 0.0000

10Jan2020 18:45 2.5613 1.241 7.45 0.0000

10Jan2020 18:48 2.5416 1.252 7.47 0.0000

10Jan2020 18:51 2.5222 1.262 7.49 0.0000

10Jan2020 18:54 2.5034 1.273 7.51 0.0000

10Jan2020 18:57 2.4849 1.283 7.52 0.0000

10Jan2020 19:00 2.4658 1.293 7.53 0.0000

10Jan2020 19:03 2.4461 1.303 7.54 0.0000

10Jan2020 19:06 2.4260 1.313 7.55 0.0000

10Jan2020 19:09 2.4061 1.323 7.56 0.0000

10Jan2020 19:12 2.3861 1.333 7.57 0.0000

10Jan2020 19:15 2.3654 1.343 7.58 0.0000

10Jan2020 19:18 2.3444 1.353 7.59 0.0000

10Jan2020 19:21 2.3237 1.362 7.60 0.0000

10Jan2020 19:24 2.3027 1.372 7.61 0.0000

10Jan2020 19:27 2.2819 1.381 7.62 0.0000

10Jan2020 19:30 2.2614 1.391 7.63 0.0000

10Jan2020 19:33 2.2420 1.400 7.63 0.0000

10Jan2020 19:36 2.2225 1.409 7.64 0.0000
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

10Jan2020 19:39 2.2014 1.419 7.65 0.0000

10Jan2020 19:42 2.1782 1.428 7.66 0.0000

10Jan2020 . 19:45 2.1533 1.437 7.67 0.0000

10Jan2020 19:48 2.1276 1.445 7.68 0.0000

10Jan2020 19:51 2.1026 1.454 7.69 0.0000

10Jan2020 19:54 2.0789 1.463 7.70 0.0000

10Jan2020 19:57 2.0565 1.471 7.71 0.0000

10Jan2020 20:00 2.0351 1.480 7.71 0.0000

10Jan2020 20:03 2.0129 1.488 7.72 0.0000

10Jan2020 20:06 1.9900 1.496 7.73 0.0000

10Jan2020 20:09 1.9669 1.505 7.74 0.0000

10Jan2020 20:12 1.9440 1.513 7.75 0.0000

10Jan2020 20:15 1.9233 1.521 7.76 0.0000

10Jan2020 20:18 1.9050 1.529 7.76 0.0000

10Jan2020 20:21 1.8881 1.536 7.77 0.0000

10Jan2020 20:24 1.8727 1.544 7:78 0.0000

10Jan2020 20:27 1.8590 1.552 7.79 0.0000

10Jan2020 20:30 1.8472 1.560 7.79 0.0000

10Jan2020 20:33 1.8374 1.567 7.80 0.0000

10Jan2020 20:36 1.8288 1.575 7.81 0.0000

10Jan2020 20:39 1.8216 1.582 7.82 0.0000

10Jan2020 20:42 1.8165 1.590 7.82 0.0000

10Jan2020 20:45 1.8132 1.597 7.83 0.0000

10Jan2020 20:48 1.8112 1.605 7.84 0.0000

10Jan2020 20:51 1.8102 1.612 7.85 0.0000

10Jan2020 20:54 1.8092 1.620 7.85 0.0000

10Jan2020 20:57 1.8073 1.627 7.86 0.0000

10Jan2020 21:00 1.8044 1.635 7.87 0.0000

10Jan2020 21:03 1.7995 1.642 7.88 0.0000

10Jan2020 21:06 1.7936 1.650 7.88 0.0000

10Jan2020 21:09 1.7887 1.657 7.89 0.0000
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

10Jan2020 21:12 1.7848 1.664 7.90 0.0000

10Jan2020 21:15 1.7819 1.672 7.91 0.0000

10Jan2020 21:18 1.7796 1.679 7.91 0.0000

10Jan2020 21:21 1.7765 1.686 7.92 0.0000

10Jan2020 21:24 1.7722 1.694 7.93 0.0000

10Jan2020 21:27 1.7681 1.701 7.94 0.0000

10Jan2020 21:30 1.7639 1.708 7.94 0.0000

10Jan2020 21:33 1.7606 1.716 7.95 0.0000

10Jan2020 21:36 1.7578 1.723 7.96 0.0000

10Jan2020 21:39 1.7546 1.730 7.96 0.0000

10Jan2020 21:42 1.7510 1.737 7.97 0.0000

10Jan2020 21:45 1.7465 1.745 7.98 0.0000

10Jan2020 21:48 1.7422 1.752 7.99 0.0000

10Jan2020 21 :51 1.7392 1.759 7.99 0.0000

10Jan2020 21:54 1.7368 1.766 8.00 0.0000

10Jan2020 21:57 1.7337 1.773 8.01 0.0000

10Jan2020 22:00 1.7303 1.781 8.01 0.0000

10Jan2020 22:03 1.7256 1.788 8.02 0.0000

10Jan2020 22:06 1.7205 1.795 8.03 0.0000

10Jan2020 22:09 1.7164 1.802 8.04 0.0000

10Jan2020 22:12 1.7127 1.809 8.04 0.0000

10Jan2020 22:15 1.7098 1.816 8.05 0.0000

10Jan2020 22:18 1.7074 1.823 8.06 0.0000

10Jan2020 22:21 1.7041 1.830 8.06 0.0000

10Jan2020 22:24 1.6996 1.837 8.07 0.0000

10Jan2020 22:27 1.6944 1.844 8.08 0.0000

10Jan2020 22:30 1.6883 1.851 8.09 0.0000

10Jan2020 22:33 1.6823 1.858 8.09 0.0000

10Jan2020 22:36 1.6767 1.865 8.10 0.0000

10Jan2020 22:39 1.6716 1.872 8.11 0.0000

10Jan2020 22:42 1.6681 1.879 8.11 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 22:45 1.6659 1.886 8.12 0.0000

10Jan2020 22:48 1.6646 1.893 8.13 0.0000

10Jan2020 22:51 1.6639 1.900 8.13 0.0000

10Jan2020 22:54 1.6630 1.906 8.14 0.0000

10Jan2020 22:57 1.6609 1.913 8.15 0.0000

10Jan2020 23:00 1.6576 1.920 8.15 0.0000

10Jan2020 23:03 1.6521 1.927 8.16 0.0000

10Jan2020 23:06 1.6454 1.934 8.17 0.0000

10Jan2020 23:09 1.6396 1.941 8.17 0.0000

10Jan2020 23:12 1.6348 1.947 8.18 0.0000

10Jan2020 23:15 1.6310 1.954 8.19 0.0000

10Jan2020 23:18 1.6279 1.961 8.19 0.0000

10Jan2020 23:21 1.6238 1.968 8.20 0.0000

10Jan2020 23:24 1.6186 1.974 8.21 0.0000

10Jan2020 23:27 1.6135 1.981 8.21 0.0000

10Jan2020 23:30 1.6082 1.988 8.22 0.0000

10Jan2020 23:33 1.6039 1.994 8.23 0.0000

10Jan2020 23:36 1.6002 2.001 8.23 0.0000

10Jan2020 23:39 1.5960 2.007 8.24 0.0000

10Jan2020 23:42 1.5913 2.014 8.25 0.0000

10Jan2020 23:45 1.5858 2.021 8.25 0.0000

10Jan2020 23:48 1.5806 2.027 8.26 0.0000

10Jan2020 23:51 1.5767 2.034 8.27 0.0000

10Jan2020 23:54 1.5733 2.040 8.27 0.0000

10Jan2020 23:57 1.5692 2.047 8.28 0.0000

11Jan2020 00:00 1.5649 2.053 8.29 0.0000

11Jan2020 00:03 1.5593 2.060 8.29 0.0000

11Jan2020 00:06 1.5532 2.066 8.30 0.0000

11Jan2020 00:09 1.5481 2.072 8.31 0.0000

11Jan2020 00:12 1.5435 2.079 8.31 0.0000

11Jan2020 00:15 1.5397 2.085 8.32 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

11Jan2020 00:18 1.5365 2.092 8.33 0.0000

11Jan2020 00:21 1.5323 2.098 8.33 0.0000

11Jan2020 00:24 1.-5269 2.104 8.34 0.0000 ~

11Jan2020 00:27 1.5208 2.111 8.34 0.0000

11Jan2020 00:30 1.5137 2.117 8.35 0.0000

11Jan2020 00:33 1.5067 2.123 8.36 0.0000

11Jan2020 00:36 1.5002 2.129 8.36 0.0000

11Jan2020 00:39 1.4942 2.135 8.37 0.0000

11Jan2020 00:42 1.4899 2.142 8.38 0.0000

11Jan2020 00:45 1.4869 2.148 8.38 0.0000

11Jan2020 00:48 1.4848 2.154 8.39 0.0000

11Jan2020 00:51 1.4835 2.160 8.39 0.0000

11Jan2020 00:54 1.4818 2.166 8.40 0.0000

11Jan2020 00:57 1.4790 2.172 8.41 0.0000

11Jan2020 01:00 1.4749 2.178 8.41 0.0000

11Jan2020 01:03 1.4685 2.184 8.42 0.0000

11Jan2020 01:06 1.4609 2.190 8.42 0.0000

11Jan2020 01:09 1.4543 2.197 8.43 0.0000

11Jan2020 01:12 1.4487 2.203 8.44 0.0000

11Jan2020 01:15 1.4441 2.208 8.44 0.0000

11Jan2020 01:18 1.4402 2.214 8.45 0.0000

11Jan2020 01:21 1.4354 2.220 8.45 0.0000

11Jan2020 01:24 1.4294 2.226 8.46 0.0000

11Jan2020 01:27 1.4227 2.232 8.47 0.0000

11Jan2020 01:30 1.4151 2.238 8.47 0.0000

11Jan2020 01:33 1.4076 2.244 8.48 0.0000

11Jan2020 01:36 1.4006 2.250 8.48 0.0000

11Jan2020 01:39 1.3942 2.255 8.49 0.0000

11Jan2020 01:42 1.3895 2.261
.

8.49 0.0000

11Jan2020 01:45 1.3861 2.267 8.50 0.0000

11Jan2020 01:48 1.3837 2.273 8.51 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

11Jan2020 01:51 1.3821 2.278 8.51 0.0000

11Jan2020 01:54 1.3801 2.284 8.52 0.0000

11Jari2020 01:57 1.3769 2.290 8.52 0.0000

11Jan2020 02:00 1.3726 2.295 8.53 0.0000

11Jan2020 02:03 1.3658 2.301 8.53 0.0000

11Jan2020 02:06 1.3578 2.307 8.54 0.0000

11Jan2020 02:09 1.3509 2.312 8.55 0.0000

11Jan2020 02:12 1.3449 2.318 8.55 0.0000

11Jan2020 02:15 1.3400 2.323 8.56 0.0000

11Jan2020 02:18 1.3359 2.329 8.56 0.0000

11Jan2020 02:21 1.3307 2.335 8.57 0.0000

11Jan2020 02:24 1.3244 2.340 8.57 0.0000

11Jan2020 02:27 1.3182 2.345 8.58 0.0000

11Jan2020 02:30 1.3118 2.351 8.58 0.0000

11Jan2020 02:33 1.3065 2.356 8.59 0.0000

11Jan2020 02:36 1.3017 2.362 8.59 0.0000

11Jan2020 02:39 1.2965 2.367 8.60 0.0000

11Jan2020 02:42 1.2908 2.372 8.61 0.0000

11Jan2020 02:45 1.2842 2.378 8.61 0.0000

11Jan2020 02:48 1.2779 2.383 8.62 0.0000

11Jan2020 02:51 1.2730 2.388 8.62 0.0000

11Jan2020 02:54 1.2687 2.394 8.63 0.0000

11Jan2020 02:57 1.2637 2.399 8.63 0.0000

11Jan2020 03:00 1.2584 2.404 8.64 0.0000

11Jan2020 03:03 1.2517 2.409 8.64 0.0000

11Jan2020 03:06 1.2446 2.414 8.65 0.0000

11Jan2020 03:09 1.2386 2.419 8.65 0.0000

11Jan2020 03:12 1.2330 2.425 8.66 0.0000

11Jan2020 03:15 1.2283 2.430 8.66 0.0000

11Jan2020 03:18 1.2242 2.435 8.67 0.0000

11Jan2020 03:21 1.2191 2.440 8.67 0.0000
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

11Jan2020 03:24 1.2127 2.445 8.68 0.0000

11Jan2020 03:27 1.2065 2.450 8.68 0.0000

11Jan2020 03:30 1.2000 2.455 8.69 0.0000

11Jan2020 03:33 1.1945 2.460 8.69 0.0000

11Jan2020 03:36 1.1897 2.465 8.70 0.0000

11Jan2020 03:39 1.1843 2.470 8.70 0.0000

11Jan2020 03:42 1.1784 2.474 8.71 0.0000

11Jan2020 03:45 1.1715 2.479 8.71 0.0000

11Jan2020 03:48 1.1650 2.484 8.72 0.0000

11Jan2020 03:51 1.1599 2.489 8.72 0.0000

11Jan2020 03:54 1.1554 2.494 8.73 0.0000

11Jan2020 03:57 1.1502 2.498 8.73 0.0000

11Jan2020 04:00 1.1446 2.503 8.74 0.0000

11Jan2020 04:03 1.1377 2.508 8.74 0.0000

11Jan2020 04:06 1.1304 2.513 8.75 0.0000

11Jan2020 04:09 1.1241 2.517 8.75 0.0000

11Jan2020 04:12 1.1183 2.522 8.75 0.0000

11Jan2020 04:15 1.1134 2.526 8.76 0.0000

11Jan2020 04:18 1.1091 2.531 8.76 0.0000

11Jan2020 04:21 1.1038 2.536 8.77 0.0000

11Jan2020 04:24 1.0972 2.540 8.77 0.0000

11Jan2020 04:27 1.0907 2.545 8.78 0.0000

11Jan2020 04:30 1.0840 2.549 8.78 0.0000

11Jan2020 04:33 1.0783 2.554 8.79 0.0000

11Jan2020 04:36 1.0732 2.558 8.79 0.0000

11Jan2020 04:39 1.0676 2.563 8.80 0.0000

11Jan2020 04:42 1.0615 2.567 8.80 0.0000

11Jan2020 04:45 1.0545 2.571 8.80 0.0000

11Jan2020 04:48 1.0477 2.576 8.81 0.0000

11Jan2020 04:51 1.0424 2.580 8.81 0.0000

11Jan2020 04:54 1.0377 2.584 8.82 0.0000
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

11Jan2020 04:57 1.0323 2.589 8.82 0.0000

11Jan2020 05:00 1.0265 2.593 8.83 0.0000

11Jan2020 05:03 1.0194 2.597 8.83 0.0000

11Jan2020 05:06 1.0118 2.601 8.83 0.0000

11Jan2020 05:09 1.0054 2.605 8.84 0.0000

11Jan2020 05:12 0.9994 2.610 8.84 0.0000

11Jan2020 05:15 0.9943 2.614 8.85 0.0000

11Jan2020 05:18 0.9898 2.618 8.85 0.0000

11Jan2020 05:21 0.9843 2.622 8.85 0.0000

11Jan2020 05:24 0.9775 2.626 8.86 0.0000

11Jan2020 05:27 0.9708 2.630 8.86 0.0000

11Jan2020 05:30 0.9639 2.634 8.87 0.0000

11Jan2020 05:33 0.9581 2.638 8.87 0.0000

11Jan2020 05:36 0.9528 2.642 8.87 0.0000

11Jan2020 05:39 0.9470 2.646 8.88 0.0000

11Jan2020 05:42 0.9407 2.650 '8.88 0.0000

11Jan2020 05:45 0.9335 2.654 8.89 0.0000

11Jan2020 05:48 0.9266 2.657 8.89 0.0000

11Jan2020 05:51 0.9211 2.661 8.89 0.0000

11Jan2020 05:54 0.9162 2.665 8.90 0.0000

11Jan2020 05:57 0.9106 2.669 8.90 0.0000

11Jan2020 06:00 0.9047 2.673 8.91 0.0000

11Jan2020 06:03 0.8923 2.676 8.91 0.0000

11Jan2020 06:06 0.8686 2.680 8.91 0.0000

11Jan2020 06:09 0.8291 2.683 8.92 0.0000

11Jan2020 06:12 0.7672 2.687 8.92 0.0000

11Jan2020 06:15 0.6850 2.690 8.92 0.0000

11Jan2020 06:18 0.5919 2.692 8.93 0.0000

11Jan2020 06:21 0.4968 2.695 8.93 0.0000

11Jan2020 06:24 0.4063 2.696 8.93 0.0000

11Jan2020 06:27 0.3255 2.698 8.93 0.0000
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

11Jan2020 06:30 0.2556 2.699 8.93 0.0000

11Jan2020 06:33 0.2005 2.700 8.93 0.0000

11Jan2020 06:36 0.1586 2.701 8.93 0.0000

11Jan2020 06:39 0.1256 2.701 8.93 0.0000

11Jan2020 06:42 0.0996 2.702 8.93 0.0000

11Jan2020 06:45 0.0785 2.702 8.93 0.0000

11Jan2020 06:48 0.0617 2.703 8.94 0.0000

11Jan2020 06:51 0.0487 2.703 8.94 0.0000

11Jan2020 06:54 0.0383 2.703 8.94 0.0000

11Jan2020 06:57 0.0301 2.703 8.94 0.0000

11Jan2020 07:00 0.0236 2.703 8.94 0.0000

11Jan2020 07:03 0.0185 2.703 8.94 0.0000

11Jan2020 07:06 0.0144 2.703 8.94 0.0000

11Jan2020 07:09 0.0112 2.703 8.94 0.0000

11Jan2020 07:12 0.0086 2.703 8.94 0.0000

11Jan2020 07:15 0.0066 2.703 8.94 0.0000

11Jan2020 07:18 0.0050 2.704 8.94 0.0000

11Jan2020 07:21 0.0038 2.704 8.94 0.0000

11Jan2020 07:24 0.0028 2.704 8.94 0.0000

11Jan2020 07:27 0.0019 2.704 8.94 0.0000

11Jan2020 07:30 0.0012 2.704· 8.94 0.0000

11Jan2020 07:33 0.0007 2.704 8.94 0.0000

11Jan2020 07:36 0.0004 2.704 8.94 0.0000

11Jan2020 07:39 0.0001 2.704 8.94 0.0000

11Jan2020 07:42 0.0000 2.704 8.94 0.0000

11Jan2020 07:45 0.0000 2.704 8.94 0.0000

11Jan2020 07:48 0.0000 2.704 8.94 0.0000

11Jan2020 07:51 0.0000 2.704 8.94 0.0000

11Jan2020 07:54 0.0000 2.704 8.94 0.0000

11Jan2020 07:57 0.0000 2.704 8.94 0.0000

11Jan2020 08:00 0.0000 2.704 8.94 0.0000
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Project: Radback
Simulation Run: Run 1 Reservo

Start of Run: 1OJan2020, 06:00 Basin
End of Run: 12Jan2020, 06:00 M

Compute Time: 11 Mar2009, 13:42:58

Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 06:00 0.0 0.0 5.0 0.0

10Jan2020 06:06 0.0 0.0 5.0 0.0

10Jan2020 06:12 0.0 0.0 5.0 0.0

10Jan2020 06:18 0.0 0.0 5.0 0.0

10Jan2020 06:24 0.0 0.0 5.0 0.0

10Jan2020 06:30 0.0 0.0 5.0 0.0

10Jan2020 06:36 0.0 0.0 5.0 0.0

10Jan2020 06:42 0.0 0.0 5.0 0.0

10Jan2020 06:48 0.0 0.0 5.0 0.0

10Jan2020 06:54 0.0 0.0 5.0 0.0

10Jan2020 07:00 0.0 0.0 5.0 0.0

10Jan2020 07:06 0.0 0.0 5.0 0.0

10Jan2020 07:12 0.0 0.0 5.0 0.0

10Jan2020 07:18 0.0 0.0 5.0 0.0

10Jan2020 07:24 0.0 0.0 5.0 0.0

10Jan2020 07:30 0.0 0.0 5.0 0.0

10Jan2020 07:36 0.0 0.0 5.0 0.0

10Jan2020 07:42 0.0 0.0 5.0 0.0

10Jan2020 07:48 0.0 0.0 5.0 0.0

10Jan2020 07:54 0.0 0.0 5.0 0.0

10Jan2020 08:00 0.0 0.0 5.0 0.0

10Jan2020 08:06 0.0 0.0 5.0 0.0

10Jan2020 08:12 0.0 0.0 5.0 0.0

10Jan2020 08:18 0.0 0.0 5.0 0.0

10Jan2020 08:24 0.0 0.0 5.0 0.0
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

10Jan2020 08:30 0.0 0.0 5.0 0.0

10Jan2020 08:36 0.0 0.0 5.0 0.0

10Jan2020 08:42 0.0 0.0 5.0 0.0

10Jan2020 08:48 0.0 0.0 5.0 0.0

10Jan2020 08:54 0.0 0.0 5.0 0.0

10Jan2020 09:00 0.0 0.0 5.0 0.0

10Jan2020 09:06 0.0 0.0 5.0 0.0

10Jan2020 09:12 0.0 0.0 5.0 0.0

10Jan2020 09:18 0.0 0.0 5.0 0.0

10Jan2020 09:24 0.0 0.0 5.0 0.0

10Jan2020 09:30 0.0 0.0 5.0 0.0

10Jan2020 09:36 0.0 0.0 5.0 0.0

10Jan2020 09:42 0.0 0.0 5.0 0.0

10Jan2020 09:48 0.0 0.0 5.0 0.0

10Jan2020 09:54 0.0 0.0 5.0 0.0

10Jan2020 10:00 0.0 0.0 5.0 0.0

10Jan2020 10:06 0.0 0.0 5.0 0.0

10Jan2020 10:12 0.0 0.0 5.0 0.0

10Jan2020 10:18 0.0 0.0 5.0 0.0

10Jan2020 10:24 0.0 0.0 5.0 0.0

10Jan2020 10:30 0.0 0.0 5.0 0.0

10Jan2020 10:36 0.0 0.0 5.0 0.0

10Jan2020 10:42 0.0 0.0 5.0 0.0

10Jan2020 10:48 0.0 0.0 5.0 0.0

10Jan2020 10:54 0.0 0.0 5.0 0.0

10Jan2020 11 :00 0.0 0.0 5.0 0.0

10Jan2020 11 :06 0.0 0.0 5.0 0.0

10Jan2020 11 :12 0.0 0.0 5.0 0.0

10Jan2020 11 :18 0.0 0.0 5.0 0.0

10Jan2020 11 :24 0.0 0.0 5.0 0.0

10Jan2020 11 :30 0.0 0.0 5.0 0.0
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

10Jan2020 11 :36 0.0 0.0 5.0 0.0

10Jan2020 11 :42 0.0 0.0 5.0 0.0

10Jan2020 11 :48 0.0 0.0 5.0 0.0

10Jan2020 11 :54 0.0 0.0 5.0 0.0

10Jan2020 12:00 0.0 0.0 5.0 0.0

10Jan2020 12:06 0.0 0.0 5.0 0.0

10Jan2020 12:12 0.0 0.0 5.0 0.0

10Jan2020 12:18 0.0 0.0 5.0 0.0

10Jan2020 12:24 0.0 0.0 5.0 0.0

10Jan2020 12:30 0.0 0.0 5.0 0.0

10Jan2020 12:36 0.0 0.0 5.0 0.0

10Jan2020 12:42 0.0 0.0 5.0 0.0

10Jan2020 12:48 0.0 0.0 5.0 0.0

10Jan2020 12:54 0.0 0.0 5.0 0.0

10Jan2020 13:00 0.0 0.0 5.0 0.0

10Jan2020 13:06 0.0 0.0 5.0 0.0

10Jan2020 13:12 0.0 0.0 5.0 0.0

10Jan2020 13:18 0.0 0.0 5.0 0.0

10Jan2020 13:24 0.0 0.0 5.0 0.0

10Jan2020 13:30 0.0 0.0 5.0 0.0

10Jan2020 13:36 0.0 0.0 5.0 0.0

10Jan2020 13:42 0.0 0.0 5.0 0.0

10Jan2020 13:48 0.0 0.0 5.0 0.0

10Jan2020 13:54 0.0 0.0 5.0 0.0

10Jan2020 14:00 0.0 0.0 5.0 0.0

10Jan2020 14:06 0.0 0.0 5.0 0.0

10Jan2020 14:12 0.0 0.0 5.0 0.0

10Jan2020 14:18 0.0 0.0 5.0 0.0

10Jan2020 14:24 0.0 0.0 5.0 0.0

10Jan2020 14:30 0.0 0.0 5.0 0.0

10Jan2020 14:36 0.0 0.0 5.0 0.0
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

10Jan2020 14:42 0.1 0.0 5.0 0.0

10Jan2020 14:48 0.1 0.0 5.0 0.0

10Jan2020 14:54 0.1 0.0 5.0 0.0

10Jan2020 15:00 0.1 0.0 5.0 0.0

10Jan2020 15:06 0.2 0.0 5.0 0.0

10Jan2020 15:12 0.2 0.0 5.0 0.0

10Jan2020 15:18 0.3 0.0 5.0 0.0

10Jan2020 15:24 0.4 0.0 5.1 0.0

10Jan2020 15:30 0.5 0.0 5.1 0.0

10Jan2020 15:36 0.6 0.0 5.1 0.0

10Jan2020 15:42 0.8 0.0 5.1 0.0

10Jan2020 15:48 1.1 0.0 5.1 0.0

10Jan2020 15:54 1.8 0.1 5.1 0.0

10Jan2020 16:00 2.9 0.1 5.2 0.0

10Jan2020 16:06 4.4 0.1 5.2 0.0

10Jan2020 16:12 6.2 0.2 5.3 0.0

10Jan2020 16:18 7.7 0.2 5.4 0.0

10Jan2020 16:24 8.7 0.3 5.6 0.0

10Jan2020 16:30 9.0 0.4 5.7 0.0

10Jan2020 16:36 8.9 0.4 5.8 0.0

10Jan2020 16:42 8.4 0.5 6.0 0.0

10Jan2020 16:48 7.7 0.6 6.1 0.0

10Jan2020 16:54 6.9 0.6 6.2 0.0

10Jan2020 17:00 6.3 0.7 6.3 0.0

10Jan2020 17:06 5.8 0.7 6.4 0.0

10Jan2020 17:12 5.3 0.8 6.5 0.0

10Jan2020 17:18 4.9 0.8 6.6 0.0

10Jan2020 17:24 4.6 0.9 6.7 0.0

10Jan2020 17:30 4.3 0.9 6.8 0.0

10Jan2020 17:36 4.1 0.9 6.8 0.0

10Jan2020 17:42 3.9 1.0 6.9 0.0
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 17:48 3.7 1.0 7.0 0.0

10Jan2020 17:54 3.6 1.0 7.0 0.0

10Jan2020 18:00 3.5 1.1 7.1 0.0

10Jan2020 18:06 3.3 1.1 7.1 0.0

10Jan2020 18:12 3.3 1.1 7.2 0.0

10Jan2020 18:18 3.2 1.1 7.2 0.0

10Jan2020 18:24 3.1 1.2 7.3 0.0

10Jan2020 18:30 3.0 1.2 7.3 0.0

10Jan2020 18:36 3.0 1.2 7.4 0.0

10Jan2020 18:42 2.9 1.2 7.4 0.0

10Jan2020 18:48 2.8 1.3 7.5 0.0

10Jan2020 18:54 2.8 1.3 7.5 0.0

10Jan2020 19:00 2.7 1.3 7.5 0.0

10Jan2020 19:06 2.7 1.3 7.6 0.0

10Jan2020 19:12 2.6 1.3 7.6 0.0

10Jan2020 19:18 2.6 1.4 7.6 0.0

10Jan2020 19:24 2.5 1.4 7.6 0.0

10Jan2020 19:30 2.5 1.4 7.6 0.0

10Jan2020 19:36 2.5 1.4 7.7 0.0

10Jan2020 19:42 2.4 1.5 7.7 0.0

10Jan2020 19:48 2.4 1.5 7.7 0.0

10Jan2020 19:54 2.3 1.5 7.7 0.0

10Jan2020 20:00 2.3 1.5 7.7 0.0

10Jan2020 20:06 2.2 1.5 7.8 0.0

10Jan2020 20:12 2.2 1.5 7.8 0.0

10Jan2020 20:18 2.1 1.6 7.8 0.0

10Jan2020 20:24 2.1 1.6 7.8 0.0

10Jan2020 20:30 2.1 1.6 7.8 0.0

10Jan2020 20:36 2.0 1.6 7.8 0.0

10Jan2020 20:42 2.0 1.6 7.9 0.0

10Jan2020 20:48 2.0 1.6 7.9 0.0
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Date Time Inflow Storage Elevation Outflow

(CFS) (AC-FT) (FT) (CFS)

10Jan2020 20:54 1.9 1.7 7.9 0.0

10Jan2020 21 :00 1.9 1.7 7.9 0.0

10Jan2020 21 :06 1.9 1.7 7.9 0.0

10Jan2020 21 :12 1.9 1.7 7.9 0.0

10Jan2020 21 :18 1.9 1.7 8.0 0.0

10Jan2020 21 :24 1.9 1.7 8.0 0.0

10Jan2020 21 :30 1.9 1.8 8.0 0.0

10Jan2020 21:36 1.9 1.8 8.0 0.0

10Jan2020 21 :42 1.9 1.8 8.0 0.0

10Jan2020 21 :48 1.8 1.8 8.0 0.0

10Jan2020 21 :54 1.8 1.8 8.1 0.0

10Jan2020 22:00 1.8 1.8 8.1 0.0

10Jan2020 22:06 1.8 1.8 8.1 0.0

10Jan2020 22:12 1.8 1.9 8.1 0.0

10Jan2020 22:18 1.8 1.9 8.1 0.0

10Jan2020 22:24 1.8 1.9 8.1 0.0

10Jan2020 22:30 1.8 1.9 8.1 0.0

10Jan2020 22:36 1.8 1.9 8.2 0.0

10Jan2020 22:42 1.8 1.9 8.2 0.0

10Jan2020 22:48 1.8 2.0 8.2 0.0

10Jan2020 22:54 1.8 2.0 8.2 0.0

10Jan2020 23:00 1.7 2.0 8.2 0.0

10Jan2020 23:06 1.7 2.0 8.2 0.0

10Jan2020 23:12 1.7 2.0 8.2 0.0

10Jan2020 23:18 1.7 2.0 8.3 0.0

10Jan2020 23:24 1.7 2.0 8.3 0.0

10Jan2020 23:30 1.7 2.1 8.3 0.0

10Jan2020 23:36 1.7 2.1 8.3 0.0

10Jan2020 23:42 1.7 2.1 8.3 0.0

10Jan2020 23:48 1.7 2.1 8.3 0.0

10Jan2020 23:54 1.7 2.1 8.3 0.0
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

11Jan2020 00:00 1.7 2.1 8.4 0.0

11Jan2020 00:06 1.6 2.1 8.4 0.0

11Jan2020 00:12 1.6 2.2 8.4 0.0

11Jan2020 00:18 1.6 2.2 8.4 0.0

11Jan2020 00:24 1.6 2.2 8.4 0.0

11Jan2020 00:30 1.6 2.2 8.4 0.0

11Jan2020 00:36 1.6 2.2 8.4 0.0

11Jan2020 00:42 1.6 2.2 8.5 0.0

11Jan2020 00:48 1.6 2.2 8.5 0.0

11Jan2020 00:54 1.6 2.2 8.5 0.0

11Jan2020 01 :00 1.6 2.3 8.5 0.0

11Jan2020 01 :06 1.6 2.3 8.5 0.0

11Jan2020 01 :12 1.5 2.3 8.5 0.0

11Jan2020 01:18 1.5 2.3 8.5 0.0

11Jan2020 01 :24 1.5 2.3 8.5 0.0

11Jan2020 01 :30 1.5 2.3 8.6 0.0

11Jan2020 01 :36 1.5 2.3 8.6 0.0

11Jan2020 01 :42 1.5 2.3 8.6 0.0

11Jan2020 01 :48 1.5 2.4 8.6 0.0

11Jan2020 01 :54 1.5 2.4 8.6 0.0

11Jan2020 02:00 1.5 2.4 8.6 0.0

11Jan2020 02:06 1.4 2.4 8.6 0.0

11Jan2020 02:12 1.4 2.4 8.6 0.0

11Jan2020 02:18 1.4 2.4 8.6 0.0

11Jan2020 02:24 1.4 2.4 8.7 0.0

11Jan2020 02:30 1.4 2.4 8.7 0.0

11Jan2020 02:36 1.4 2.5 8.7 0.0

11Jan2020 02:42 1.4 2.5 8.7 0.0

11Jan2020 02:48 1.4 2.5 8.7 0.0

11Jan2020 02:54 1.4 2.5 8.7 0.0

11Jan2020 03:00 1.3 2.5 8.7 0.0
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

11Jan2020 03:06 1.3 2.5 8.7 0.0

11Jan2020 03:12 1.3 2.5 8.8 0.0

11Jan2020 03:18 1.3 2.5 8.8 0.0

11Jan2020 03:24 1.3 2.5 8.8 0.0

11Jan2020 03:30 1.3 2.6 8.8 0.0

11Jan2020 03:36 1.3 2.6 8.8 0.0

11Jan2020 03:42 1.3 2.6 8.8 0.0
11Jan2020 03:48 1.2 2.6 8.8 0.0

11Jan2020 03:54 1.2 2.6 8.8 0.0

11Jan2020 04:00 1.2 2.6 8.8 0.0
11Jan2020 04:06 1.2 2.6 8.8 0.0
11Jan2020 04:12 1.2 2.6 8.9 0.0

11Jan2020 04:18 1.2 2.6 8.9 0.0

11Jan2020 04:24 1.2 2.6 8.9 0.0
11Jan2020 04:30 1.2 2.7 8.9 0.0

11Jan2020 04:36 1.2 2.7 8.9 0.0

11Jan2020 04:42 1.1 2.7 8.9 0.0

11Jan2020 04:48 1.1 2.7 8.9 0.0

11Jan2020 04:54 1.1 2.7 8.9 0.0

11Jan2020 05:00 1.1 2.7 8.9 0.0

11Jan2020 05:06 1.1 2.7 8.9 0.0

11Jan2020 05:12 1.1 2.7 8.9 0.0

11Jan2020 05:18 1.1 2.7 9.0 0.0

11Jan2020 05:24 1.1 2.7 9.0 0.0

11Jan2020 05:30 1.0 2.7 9.0 0.0

11Jan2020 05:36 1.0 2.8 9.0 0.0

11Jan2020 05:42 1.0 2.8 9.0 0.0

11Jan2020 05:48 1.0 2.8 9.0 0.0

11Jan2020 05:54 1.0 2.8 9.0 0.0

11Jan2020 06:00 1.0 2.8 9.0 0.0

11Jan2020 06:06 1.0 2.8 9.0 0.0
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

llJan2020 06:12 0.9 2.8 9.0 0.0

llJan2020 06:18 0.9 2.8 9.0 0.0

llJan2020 06:24 0.8 2.8 9.0 0.0

llJan2020 06:30 0.7 2.8 9.1 0.0

llJan2020 06:36 0.5 2.8 9.1 0.0
llJan2020 06:42 0.4 2.8 9.1 0.0

llJan2020 06:48 0.3 2.8 9.1 0.0
llJan2020 06:54 0.2 2.8 9.1 0.0

llJan2020 07:00 0.2 2.8 9.1 0.0
llJan2020 07:06 0.1 2.8 9.1 0.0

llJan2020 07:12 0.1 2.8 9.1 0.0

llJan2020 07:18 0.1 2.8 9.1 0.0

llJan2020 07:24 0.1 2.8 9.1 0.0

llJan2020 07:30 0.0 2.8 9.1 0.0

llJan2020 07:36 0.0 2.8 9.1 0.0

llJan2020 07:42 0.0 2.8 9.1 0.0

llJan2020 07:48 0.0 2.8 9.1 0.0
llJan2020 07:54 0.0 2.8 9.1 0.0

llJan2020 08:00 0.0 2.8 9.1 0.0

llJan2020 08:06 0.0 2.8 9.1 0.0

llJan2020 08:12 0.0 2.8 9.1 0.0

llJan2020 08:18 0.0 2.8 9.1 0.0

llJan2020 08:24 0.0 2.8 9.1 0.0

llJan2020 08:30 0.0 2.8 9.1 0.0

llJan2020 08:36 0.0 2.8 9.1 0.0

llJan2020 08:42 0.0 2.8 9.1 0.0

llJan2020 08:48 0.0 2.8 9.1 0.0

llJan2020 08:54 0.0 2.8 9.1 0.0

llJan2020 09:00 0.0 2.8 9.1 0.0

llJan2020 09:06 0.0 2.8 9.1 0.0

llJan2020 09:12 0.0 2.8 9.1 0.0
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

11Jan2020 09:18 0.0 2.8 9.1 0.0

11Jan2020 09:24 0.0 2.8 9.1 0.0

11Jan2020 09:30 0.0 2.8 9.1 0.0

11Jan2020 09:36 0.0 2.8 9.1 0.0

11Jan2020 09:42 0.0 2.8 9.1 0.0
11Jan2020 09:48 0.0 2.8 9.1 0.0

11Jan2020 09:54 0.0 2.8 9.1 0.0

11Jan2020 10:00 0.0 2.8 9.1 0.0

11Jan2020 10:06 0.0 2.8 9.1 0.0

11Jan2020 10:12 0.0 2.8 9.1 0.0

11Jan2020 10:18 0.0 2.8 9.1 0.0

11Jan2020 10:24 0.0 2.8 9.1 0.0

11Jan2020 10:30 0.0 2.8 9.1 0.0

11Jan2020 10:36 0.0 2.8 9.1 0.0

11Jan2020 10:42 0.0 2.8 9.1 0.0

11Jan2020 10:48 0.0 2.8 9.1 0.0

11Jan2020 10:54 0.0 2.8 9.1 0.0

11Jan2020 11 :00 0.0 2.8 9.1 0.0

11Jan2020 11 :06 0.0 2.8 9.1 0.0

11Jan2020 11 :12 0.0 2.8 9.1 0.0

11Jan2020 11 :18 0.0 2.8 9.1 0.0

11Jan2020 11 :24 0.0 2.8 9.1 0.0

11Jan2020 11 :30 0.0 2.8 9.1 0.0

11Jan2020 11 :36 0.0 2.8 9.1 0.0

11Jan2020 11 :42 0.0 2.8 9.1 0.0

11Jan2020 11 :48 0.0 2.8 9.1 0.0

11Jan2020 11 :54 0.0 2.8 9.1 0.0

11Jan2020 12:00 0.0 2.8 9.1 0.0

11Jan2020 12:06 0.0 2.8 9.1 0.0

11Jan2020 12:12 0.0 2.8 9.1 0.0

11Jan2020 12:18 0.0 2.8 9.1 0.0
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

11Jan2020 12:24 0.0 2.8 9.1 0.0

11Jan2020 12:30 0.0 2.8 9.1 0.0

11Jan2020 12:36 0.0 2.8 9.1 0.0

11Jan2020 12:42 0.0 2.8 9.1 0.0

11Jan2020 12:48 0.0 2.8 9.1 0.0

11Jan2020 12:54 0.0 2.8 9.1 0.0

11Jan2020 13:00 0.0 2.8 9.1 0.0

11Jan2020 13:06 0.0 2.8 9.1 0.0

11Jan2020 13:12 0.0 2.8 9.1 0.0
11Jan2020 13:18 0.0 2.8 9.1 0.0
11Jan2020 13:24 0.0 2.8 9.1 0.0

11Jan2020 13:30 0.0 2.8 9.1 0.0

11Jan2020 13:36 0.0 2.8 9.1 0.0
11Jan2020 13:42 0.0 2.8 9.1 0.0

11Jan2020 13:48 0.0 2.8 9.1 0.0

11Jan2020 13:54 0.0 2.8 9.1 0.0

11Jan2020 14:00 0.0 2.8 9.1 0.0

11Jan2020 14:06 0.0 2.8 9.1 0.0

11Jan2020 14:12 0.0 2.8 9.1 0.0

11Jan2020 14:18 0.0 2.8 9.1 0.0

11Jan2020 14:24 0.0 2.8 9.1 0.0

11Jan2020 14:30 0.0 2.8 9.1 0.0

11Jan2020 14:36 0.0 2.8 9.1 0.0

11Jan2020 14:42 0.0 2.8 9.1 0.0

11Jan2020 14:48 0.0 2.8 9.1 0.0

11Jan2020 14:54 0.0 2.8 9.1 0.0

11Jan2020 15:00 0.0 2.8 9.1 0.0

11Jan2020 15:06 0.0 2.8 9.1 0.0

11Jan2020 15:12 0.0 2.8 9.1 0.0

11Jan2020 15:18 0.0 2.8 9.1 0.0

11Jan2020 15:24 0.0 2.8 9.1 0.0

Page 11



Date Time Intlow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

llJan2020 15:30 0.0 2.8 9.1 0.0

llJan2020 15:36 0.0 2.8 9.1 0.0

llJan2020 15:42 0.0 2.8 9.1 0.0

llJan2020 15:48 0.0 2.8 9.1 0.0

llJan2020 15:54 0.0 2.8 9.1 0.0

llJan2020 16:00 0.0 2.8 9.1 0.0

llJan2020 16:06 0.0 2.8 9.1 0.0

llJan2020 16:12 0.0 2.8 9.1 0.0

llJan2020 16:18 0.0 2.8 9.1 0.0

llJan2020 16:24 0.0 2.8 9.1 0.0

llJan2020 16:30 0.0 2.8 9.1 0.0

llJan2020 16:36 0.0 2.8 9.1 0.0

llJan2020 16:42 0.0 2.8 9.1 0.0

llJan2020 16:48 0.0 2.8 9.1 0.0

llJan2020 16:54 0.0 2.8 9.1 0.0

llJan2020 17:00 0.0 2.8 9.1 0.0

llJan2020 17:06 0.0 2.8 9.1 0.0

llJan2020 17:12 0.0 2.8 9.1 0.0

llJan2020 17:18 0.0 2.8 9.1 0.0

llJan2020 17:24 0.0 2.8 9.1 0.0

llJan2020 17:30 0.0 2.8 9.1 0.0

llJan2020 17:36 0.0 2.8 9.1 0.0

llJan2020 17:42 0.0 2.8 9.1 0.0

llJan2020 17:48 0.0 2.8 9.1 0.0

llJan2020 17:54 0.0 2.8 9.1 0.0

llJan2020 18:00 0.0 2.8 9.1 0.0

llJan2020 18:06 0.0 2.8 9.1 0.0

llJan2020 18:12 0.0 2.8 9.1 0.0

llJan2020 18:18 0.0 2.8 9.1 0.0

llJan2020 18:24 0.0 2.8 9.1 0.0

llJan2020 18:30 0.0 2.8 9.1 0.0
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Date Time Inflow Storage Elevation Outflow
(CFS) (AC-FT) (FT) (CFS)

11Jan2020 18:36 0.0 2.8 9.1 0.0

11Jan2020 18:42 0.0 2.8 9.1 0.0

11Jan2020 18:48 0.0 2.8 9.1 0.0

11Jan2020 18:54 0.0 2.8 9.1 0.0

11Jan2020 19:00 0.0 2.8 9.1 0.0

11Jan2020 19:06 0.0 2.8 9.1 0.0

11Jan2020 19:12 0.0 2.8 9.1 0.0

11Jan2020 19:18 0.0 2.8 9.1 0.0

11Jan2020 19:24 0.0 2.8 9.1 0.0

11Jan2020 19:30 0.0 2.8 9.1 0.0

11Jan2020 19:36 0.0 2.8 9.1 0.0

11Jan2020 19:42 0.0 2.8 9.1 0.0

11Jan2020 19:48 0.0 2.8 9.1 0.0

11Jan2020 19:54 0.0 2.8 9.1 0.0

11Jan2020 20:00 0.0 2.8 9.1 0.0

11Jan2020 20:06 0.0 2.8 9.1 0.0

11Jan2020 20:12 0.0 2.8 9.1 0.0

11Jan2020 20:18 0.0 2.8 9.1 0.0

11Jan2020 20:24 0.0 2.8 9.1 0.0

11Jan2020 20:30 0.0 2.8 9.1 0.0

11Jan2020 20:36 0.0 2.8 9.1 0.0

11Jan2020 20:42 0.0 2.8 9.1 0.0

11Jan2020 20:48 0.0 2.8 9.1 0.0

11Jan2020 20:54 0.0 2.8 9.1 0.0

11Jan2020 21 :00 0.0 2.8 9.1 0.0

11Jan2020 21 :06 0.0 2.8 9.1 0.0

11Jan2020 21 :12 0.0 2.8 9.1 0.0

11Jan2020 21 :18 0.0 2.8 9.1 0.0

11Jan2020 21:24 0.0 2.8 9.1 0.0

11Jan2020 21 :30 0.0 2.8 9.1 0.0

11Jan2020 21 :36 0.0 2.8 9.1 0.0

Page 13
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Calculation Title: Post-Construction:Wetland Volume and Water Surface Elevation
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Verification Method:

52.5406.1006

~ Check and Review o Alternate Calculations

Objective To determine if the existing wetland at the proiect site can retain the runoff from various storm events
without overflowing to other properties.

Unverified Assumptions Requiring Subsequent Verification
No. Assumption Verified By Date

Refer to Page __ of this calculation for additional assumptions.

This Section Used for Software-Generated Calculations

Program Name/Number: HEC-HMS Version: 3.3-.;;..;....;...-----------ll

Standard B&V Application Used? ~ Yes 0 No
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Owner: Radback Computed By: C. Kantola
Plant: Oakley Generating Station Unit: -=- ---=--;;;...--;.;;;..:Date: June 11, 2010
Project No.: 163994 File No. 52.5406.1006 Verified By: (Jl.yJ
Title: Post Construction: Wetland Volume and WSEL Date:' hi-, J /0
______________________,Page: a. OfIJ,\

Purpose
To determine the stormwater storage volume and water surface elevation for the existing
wetland and the proposed pond at the Oakley project site for storm events including the 1

inch rainfall, 10-year/24-hour storm, and combined 100-year/24-hour plus 10-year/24-hour

storm (100+10) events. The analyses are performed for pre-construction and post
construction ground conditions at the project site.

References
1. Black &Veatch Drawings:

• 163994-SS-3001, Rev. A, "Grading & Drainage - Site"

• 163994-SS-3001, Rev. 0, "Grading & Drainage - Site"
2. US Department of Agriculture; Urban Hydrology for Small Watersheds, 2nd Edition;

Technical Release 55 (TR-55); June 1986.
3. US Army Corps of Engineers; Hydrologic Modeling System HEC-HMS, User's Manual,

Version 3.3; September 2008.
4. US Army Corps of Engineers; Hydrologic Modeling System HEC-HMS, Technical

Reference Manual; March 2000.
5. Contra Costa County Dept. of Public Works Maps; Mean Seasonal Isohyets Compiled

from Precipitation Records 1879-1973; Drawing -No.· B-166; December 1977;

Precipitation Duration-Frequency-Depth Curves (100-yr and 10-yr); Drawing Nos. B-159
and B-162; July 1977

6. US Department of Agriculture, Natural Resources Conservation Service; Web Soil
Survey; http://websoilsurvey.nrcs.usda.gov/applWebSoiISurvey.aspx.

7. Mays, L. W.; Stormwater Collection Systems Design Handbook, McGraw-Hili; 2001.
8. Black & Veatch Calculation, "IMP Sizing for Plant Area", File No. 52.5406.1008 Rev 0,

Same project, June 2010

9. Black & Veatch Calculation, "Stormwater Analysis", File No. 52.5406.1003 Rev 2, Same
project, June 2010

10. Email Correspondence with Contra Costa County Flood Control, May 2010

Definition of Units and Constants
English units will be used.
Example of Common Unit Designations:

Rainfall amount in inches (in)

Drainage area in acres (ac)
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Attachments
1. HEC-HMS Input
2. HEC-HMS Output
3. Reference 2 - Select Pages
4. Reference 6 - Select Pages
5. Reference 8 - Select Pages
6. Reference 9 - Select Pages
7. Reference 10
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Plant: Oakley Generating Station Unit: Date: June 11! 2010
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______________________,Page: q of .It

Summary
Based on the HEC-HMS analyses with current and proposed design conditions, t
stormwater runoff to the wetland will not overflow to other properties for any of the an zed
storm events including the 100-year 24-hour storm followed by a 10-year 24- r storm
(100+10 event). This combined event was requested to be analyzed b~"..eontra Costa
County for the wetland area since there is no outlet within the wetland a~ See Reference
10 - Attachment 7. /'

/",<1'

The maximum water surface elevation (WSEL) in the wetlaPC((; EL 10.7, produced by the
combined 100+10 events. This is below the overflow e ation at the adjacent roadway of
EL 11.7. The comparison between the existing and oposed site conditions for other storm
events are summarized in the table below.

Summary of Run Volume & Wetland WSEL
Pre-Construc9Efn Post-Construction

Runoff to ~,.,,/"WSEL in Runoff to WSELin
Rainfall Wetland/// Wetland Wetland Wetland
Event (ac-tt) .(tt) (ac-tt) (tt)
1-inch O.oy 5.1 0.05 5.1

10-year 7."10 7.2 1.51 7.7,

100-year /' 2.70 8.9 3.58 9.7/

100-year V
3.80 10.0 5.42 10.7

+ 10-ye~
/

/
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Summary
Based on the HEC-HMS analyses with current and proposed design conditions, the
stormwater runoff to the wetland will not overflow to other properties for any of the analyzed
storm events including the 100-year 24':'hour storm followed by a 10-year 24-hour storm
(100+10 event). This combined event was requested to be analyzed by Contra Costa
County for the wetland area since there is no outlet within the wetland area. See Reference
10 - Attachment 7.

The maximum water surface elevation (WSEL) in the wetland is produced by the combined
100+10 events which is below the overflow elevation at the adjacent roadway of EL 11.7.
The comparison between the existing and proposed site conditions for other storm events
are summarized in the table below.

&W tl dWSELf R ffV ISummary 0 uno oume e an
Pre-Construction Post-Construction

Runoff to WSEL in Runoff to WSELin
Rainfall Wetland Wetland Wetland Wetland
Event (ac-tt) (tt) (ac-tt) (tt)

1-inch· 0.06 5.1 0.15 5.3
10-year 1.17 7.3 1.90 8.1
100-year 2.79 9.0 3.58 9.8
100-year

3.96 10.1 5.11 10.8
+ 10-year



Owner: Radback Computed By: C. Kantola
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Project No.: 163994 File No. 52.5406.1006 Verified By: ,'/L-yv
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Hydrology Modeling - HEC-HMS

For the runoff volume and storage analysis, the entire site was modeled as one draina
area for the pre-construction (existing) condition (Reference 9) and separated into di !net
drainage areas for the post-construction (proposed) condition (bioswales, and dire. runoff

to pond and wetland areas). See Page "', for the boundary delineation of t~e areas.
The drainage areas are summarized in the table below, with measurementi'taken from
References 8 & 9 and also using AutoCAD. .r r~

Summary of Drainage Areas (in acres & square mires)
VOIQ

Ground Existing Post-Construction Sit",'Acreage
I

Cover Site Bioswale ** Direct to Direct to
Type Acreage* 1+2 3 4 /l 5 Pond Wetland

Vineyard I /

1.9319.85 - - - - -
Undisturbed /'

Gravel 3.96 2.30 - 2':51 3.35 - -
Ii

Railroad Yard 0.94 - - ,"f""/' - 0.94 - -
Wetland 0.40 - - ..,{ - - - 0.40

.~i;

Lawn (Poor
,,~

/

Coverage - 4.55 ~5 0.54 1.50 0.85 -
<50%) ../

~f

Impervious
.,t 0.27

- ~.:~1Y/ 0.14 1.21 0.88 0.13 (ex.
Surface ***

roads).

Transformer
,,;///0.10 0.12- - - - -

Contain ****

Open Graded .,iY
1.57- - - - - -

Aggregate ,/,.,

Total Acres: fr5~'15 11.17 0.59 4.26 6.67 0.98 2.60

Total I·i 0.0175 -0.0009 0.0067 0.0104 0.0015 0.0041
/' 0.0393

(Sq. Mi.): 0.0411 sq. mi. (Total Post-Construction)
./
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Hydrology Modeling - HEC-HMS

For the runoff volume and storage analysis, the entire site was modeled as one drainage

area for the pre-construction (existing) condition (Reference 9) and separated into distinct

drainage areas for the post-construction (proposed) condition (bioswales, and direct runoff
to pond and wetland areas). See Page ~ ,q for the boundary delineation of these areas.

The drainage areas are summarized in the table below, with measurements taken from
References 8 & 9 and also using AutoCAD.

Summary of Drainage Areas (in acres & square miles)

* EXisting site acreage as determined In BV Calc 52.5406.1003 (Ref 9)
** Post-construction areas as determined in BV Calc 52.5406.1008 (Ref 8)
*** Impervious surface computed as sum of Equipment/Roofs + Pavement (from Calc 52.5406.1002)
**** Transformer Containment area does not drain to Bioswales and is not included in total areas listed.

Ground Existing Post-Construction Site Acreage
Cover Site Bioswale ** Direct to Direct to
Type Acreage* 1+2 3 4 5 Pond Wetland

Vineyard /
19.85 1.93- - - -

Undisturbed

Gravel 3.96 2.30 2.51 2.87 0.1 -
Railroad Yard 0.94 - - 0.94 - -

Wetland 0040 ..- 0040- z - - -
Lawn (Poor 0

en
Coverage - 4.55 > 0.54 0.95 1.28 0047

<50%) w
0:::
z 0.28

Impervious
2.75 0 1.21 1.32 0.30 (ex.-

Surface *** w
> roads)0

Transformer :2:
- 0.10 w 0.12 - - -

Contain **** 0:::

Open Graded
1.57- - - - -

Aggregate

Total Acres: 25.15 11.17 4.26 6.08 1.68 3.08

Total 0.0175 0.0000 0.0067 0.0095 0.0026 0.0048
0.0393

(Sq. Mi.): 0.0411 sq. mi. (Total Post-Construction)
..

The stormwater runoff to the wetland for various storms was modeled by using a computer

program, HEC-HMS version 3.3, developed by the US Arr~y Corps of E:ngineers (Ref. 3).
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Section 1.0 - Determine the Time of Concentration (Tc) and Lag Time

This calculation is a volumetric analysis only. Lag time (which is a function of the time of

concentration) is used by HEC-HMS to compute peak flow rates only and does not affect the

runoff volume computations. Therefore for simplicity, lag times of 6.0 min and 3.6 min were

used for the post-construction condition. These values do not impact the volume of runoff

computed within HEC-HMS. Refer to BV Calculation 52.5406.1007.

Section 2.0 - Rainfall Distribution

From Ref. 2, Figure B-2, the rainfall distribution for the site in Contra Costa County,

California should be Type I distribution.

From Ref 5 the 24-hour rainfall amounts for the site are' (See Pages '1do (O ),
Storm Event 100-year 10-year Small event*

Rainfall 3.9 in. 2.6 in. 1.0 in.

* A smaller "typICal" ram event of0.75-1.0 mch was requested to be modeled by CEC
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Section 3.0 - Determine Composite SCS Curve Number. Initial Abstraction & Impervious %
"SCS Curve Number" method was used in the HEC-HMS computer program to calculate e
loss rate for the drainage area. The SCS Curve Number (CN), Initial Abstractiontla and
Impervious % for the pre-construction site were determined in Referenc~/9 - see
attachment 6. //

/
Based on the soil survey information from the US Department. o..%:'~griculture Natural
Resources Conservation Service (NRCS), the site in Contra Cos~ County, California is
covered by "Delhi Sand". See Attachment 4. From the desc . tion of "Delhi Sand" by
NRCS, this soil layer is "somewhat excessively drained"; the apacity of the most limiting
layer to transmit water is "high to very high (5.95 to 19.98 . 7hr)". See Attachment 4. Per
Ref. 2, this type of soil can be classified as Hydrologic So' roup A soil.

The proposed site drainage areas as determine earlier are summarized below, with
individual CN values assigned to each type of gr nd cover (for Group A soils). CN values
are based on Reference 2, Tables 2-2a and 2-2 ..

//
/

For the pre-construction condition, the sa§ Curve Number (CN =70), Initial Abstraction (Ia
=0.857) and Impervious (% =1) were~e~mined in Reference 9 - see Attachment 6.

,/
/

A summary of the pre- and postconstruction basin parameter values determined in the
fOllowing pages, and input into1he HEC-HMS model are included in the table below:

/
~ea Composite Initial Impervious Lag Time

Condition sq. mi.) CN Abstraction (in) % (min)

Pre-Constructiol)/

Entire Site/ 0.0393 70 0.857 1 19.4
Post-Consyxfction

Biosw}lfe 1-2 0.0175 77 0.597 1 6.0

Bi~wale3 0.0009 75 0.667 1 6.0

"Bioswale 4 0.0067 81 0.469 1 6.0
/ Bioswale5 0.0104 77 0.597 1 6.0

/ Direct to Pond 0.0015 72 0.778 1 3.6
Direct to Wetland 0.0041 76 0.632 1 3.6

5Uf'ettSCOt'O '"J 113 fto

)u (I' If It
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Section 3.0 - Determine Composite SCS Curve Number, Initial Abstraction & Impervious %
"scs Curve Number" method was used in the HEC-HMS computer program to calculate the
loss rate for the drainage area. The SCS Curve Number (CN), Initial Abstraction (Ia) and
Impervious % for the pre-construction site were determined in Reference 9 - see
attachment 6.

Based on the soil survey information from the US Department of Agriculture Natural
Resources Conservation Service (NRCS), the site in Contra Costa County, California is
covered by "Delhi Sand". See Attachment 4. From the description of "Delhi Sand" by
NRCS, this soil layer is "somewhat excessively drained"; the capacity of the most limiting
layer to transmit water is "high to very high (5.95 to 19.98 in/hr)". See Attachment 4. Per
Ref. 2, this type of soil can be classified as Hydrologic Soil Group A soil.

The proposed site drainage areas as determined earlier are summarized below, with
individual CN values assigned to each type of ground cover (for Group A soils). CN values
are based on Reference 2, Tables 2-2a and 2-2b.

For the pre-construction condition, the SCS Curve Number (CN = 70), Initial Abstraction (Ia
=0.857) and Impervious (% =2.6) were determined in Reference 9 - see Attachment 6.

A summary of the pre- and post-construction basin parameter values determined in the
following pages, and input into the HEC-HMS model are included in the table below:

Area Composite Initial Impervious Lag Time
Condition (sq. mi.) CN Abstraction (in) % (min)

Pre-Construction

Entire Site 0.0393 70 0.857 2.6 19.4

Post-Construction

Bioswale 1+2 CN 0.0164 76 0.632 0 6.0

Bioswale 1+2 Imp 0.0011 98 0.041 100 6.0

Bioswale 4 CN 0.0062 80 0.500 o . 6.0

Bioswale 4 Imp 0.0005 98 0.041 100 6.0

Bioswale 5 CN 0.0085 77 0.597 0 6.0

Bioswale Simp 0.0010 98 0.041 100 6.0

Direct to Pond CN 0.0025 73 0.740 0 3.6

Direct to Pond Imp 0.0001 98 0.041 100 3.6

Direct to Wetland 0.0048 75 0.667 0 3.6
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The initial abstraction (Ia) can be estim

the computer program. The initial abstraction acc~ts for all losses before runoff begins. It
includes water retained in surface depre ons, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

Bioswale 1+2 (Post-Construction)

SCSCN c/(Group A Proposed Site
Ground Cover Type Soil) Acreage, A

Gravel 76 2.30 ac. /174.8
Lawn (Poor Coverage <50%) 68 4.55 ac. i// 309.4

Impervious Surface 98 2.75 ac. / 269.5

Open Graded Aggregate 68 1.57 ac/ 106.76

Total 11.1£:Ac. 860.46

Composite CN = 860.46 /11.17 717

The ·SCS Curve Number" method also requires thei~ in~ial abstraction (initial loss) in

Where: S =1000 -10' (Ref. 2, Eq. 2-4)
eNla =0.2 S (Ref. 2, Eq. -2)

/
Based on a composite CN~77, the initial abstraction is calculated to be:

1a =0.2X(l0~7-1O) =0.597 inch.
. I'

The "SCS Curve umber" method also requires the input of "% impervious" in the computer
program. Re rence 3 states that "the composite curve number should not include any
impervious rea that will be specified separately as the percentage of impervious area". As
compute above, the impervious areas are factored into the CN for the drainage area and
theref e the value for Impervious % would not include those areas. An allocation of 1%
im~ rvious area is input into the model to allow for a small increase in impervious areas

ring final design.
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Bioswale 1+2 (Post-Construction): Curve Number (CN) and Impervious Area

SCSCN
HMS Subbasin: -1+2CN (Group A Proposed Site

Ground Cover Type Soil) Acreage, A CNxA

Gravel 76 2.30 ac. 174.8

Lawn (Poor Coverage <50%) 68 4.55 ac. 309.4

Impervious Surface not directly
connected (75% x 2.75 ac. Total) 98 2.06 ac. 202.1

Open Graded Aggregate 68 1.57 ac. 106.76

Total 10.48 ac. 793.1

Composite CN = 793.1 /10.48 = 76

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
includes water retained in surface depressions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) can be estimated to be:

la =0.2 S (Ref. 2, Eq. 2-2) Where: S =1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on the composite CN, the initial abstraction is calculated to be:

fa =0.2x(l000/76-1O) =0.632 inch.

Impervious % =0 (all directly connected impervious modeled separately, see below)

A separate subbasin was created to model the area of impervious surface that could be
considered directly connected to the storm drainage system. Upon review of the surfacing
plan for the site, it is estimated that 25% of the ilT!pervious areas contributing to Bioswale
1+2 are located sufficiently close to storm catch basins and swales to be considered directly
connected. This area is modeled as subbasin "_1+2Imp".

2.75 acres impervious x 0.25 directly connected = 0.69 ac = 0.0011 sq. mi.

Impervious % =100%
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Bioswale 3 (Post Construction)-
""''''''',/'''''

SCSCN

~A(Group A Proposed Site
Ground Cover Type Soil) Acreage, A

Lawn (Poor Coverage <50%) 68 0.45 ac. /" 30.6
Impervious Surface 98 0.14¥ 13.7

Total O.~ac. 44.3
Composite CN = 44.3 I 0.59 5"15

la =0.2 S

/

The "SCS Curve Number" method also requires the i..R6'~t of initial abstraction (initial loss) in
the computer program. The initial abstraction acc9~t~ for all losses before runoff begins. It
includes water retained in surface depreS§ions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2). //

/' VOJO
The initial abstraction (Ia) can be esti"J,~d to be:

(Ref. 2, Eq.,2~) Where: S =1000 -10 (Ref. 2, Eq. 2-4)
eN.

1:

Based on a composite C~/df 77, the initial abstraction is calculated to be:

1a =0.2x(1000}75-1O) = 0.667 inch.

The "SCS Curve/f!(~mber" method also requires the input of "% impervious" in the computer
program. R~fsrence 3 states that "the composite curve number should not include any
impervious ea that will be specified separately as the percentage of impervious area". As
compute above, the impervious areas are factored into the CN for the drainage area and
theref e the value for Impervious % would not include those areas. An allocation of 1%
imR ious area is input into the model to allow for a small increase in impervious areas

ring final design.

~eN \ ., II~"" eA-"-

~~o.sY't .....I~ 3 ~,,~
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Bioswale 4 (Post-Construction) ///
SCSCN /(Group A Proposed Site

Ground Cover Type Soil) Acreage, A /CNxA
Gravel 76 2.51 ac. ,,/ 190.8

Lawn (Poor Coverage <50%) 68 0.54 ac./I' 36.7
Impervious Surface 98 1.21 ¥ ..;\- 118.6~'i'

Total 4.~ac. 346.1

Composite CN =346.1 I 4.26 7~1
.'

Where: S =1000 -10 (Ref. 2, Eq. 2-4)
eNla =0.2 S

;//" "

The "SCS Curve Number" method also requires the il)put of initial abstraction (initial 1055) in
the computer program. The initial abstraction accoJ:l'flts for all losses before runoff begins. It
includes water retained in surface depre¥f~ns, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2). f'/

/
f

,;f/

The initial abstraction (Ia) can be estim~~d to be:
,/

,I

(Ref. 2, Eq. ~'"2)

Based on a composite CN Qf!77, the initial abstraction is calculated to be:
;'

fa =0.2x (1000/~~1-1O) =0.469 inch.

The "SCS Curve N.u'mber" method also requires the input of "% impervious" in the computer
program. RefeJe~ce 3 states that "the composite curve number should not include any
impervious a~e~ that will be specified separately as the percentage of impervious area". As
computed~ove, the impervious areas are factored into the CN for the drainage area and
therefor~/the value for Impervious % would not include those areas. An allocation of 1%

/
imperyrous area is input into the model to allow for a small increase in impervious areas
du~g final design.
/

//i
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Bioswale 4 (Post-Construction): Curve Number (CN) and Impervious Area

SCSCN
HMS Subbasin: _4CN (Group A Proposed Site
Ground Cover Type Soil) Acreage, A CNxA

Gravel 76 2.51 ac. 190.8

Lawn (Poor Coverage <50%) 68 0.54 ac. 36.7

Impervious Surface not directly
connected (75% x 1.21 ac. Total) 98 0.91 ac. 88.9

Total 3.96 ac. 316.4

Composite CN =316.4/ 3.96 =80

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
includes water retained in surface depressions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) ~an be estimated to be:

la =0.2 S (Ref. 2, Eq. 2-2) Where: S = 1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on the composite CN, the initial abstraction is calculated to be:

1a =0.2x(l000/80-10) =0.500 inch.

Impervious % =0 (all directly connected impervious modeled separately, see below)

A separate subbasin was created to model the area of impervious surface that could be
considered directly connected to the storm drainage system. Upon review of the surfacing
plan for the site, it is estimated that 25% of the impervious areas contributing to Bioswale 4
are located sufficiently close to storm catch basins and swale~ to be considered directly
connected. This area is modeled as subbasin "_4 Imp".

1.21 acres impervious x 0.25 directly connected =0.30 ac =0.0005 sq. mi.

Impervious % =100%
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Bioswale 5 (Post-Construction)

SCSCN

CNX/(Group A Proposed Site
Ground Cover Type Soil) Acreage, A

Gravel 76 3.35 ac. 25,r.'6
Railroad Yard (similar to gravel) 76 0.94 ac. ./11.4

Lawn (Poor Coverage <50%) 68 1.50 ac. ,/,!' 102/l

Impervious Surface 98 0.88 ac. ./" 86.2
Total 6.67 ac. /// 514.2

Composite CN =514.2/6.67 =77 .//

The "SCS Curve Number" method also requires the input of irl,j~'i abstraction (initial loss) in
the computer program. The initial abstraction accounts for/l3t(losses before runoff begins. It
includes water retained in surface depressions, )Nater intercepted by vegetation,
evaporation, and infiltration (Ref.2)./

The initial abstraction (Ia) can be estimated to~e:'

la =0.2 S (Ref. 2, Eq. 2-2) /Where: S =1000 -10 (Ref. 2, Eq. 2-4)
eN

-",-"",//

Based on a composite CN of 77, ,the initial abstraction is calculated to be:

I a =0.2 X (1000/77 -:}O)' = 0.597 inch.

//
The "SCS Curve Num9'r" method also requires the input of "% impervious" in the computer
program. Referenye 3 states that "the composite curve number should not include any
impervious area~t will be specified separately as the percentage of impervious area". As
computed abcvk, the impervious areas are factored into the CN for the drainage area and
therefore~value for Impervious % would not include those areas. An allocation of 1%
impervi s area is input into the model to allow for a small increase in impervious areas
durin Inal design.

Sw~~£'D '7113/t-:>
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Bioswale 5 (Post-Construction): Curve Number (CN) and Impervious Area

SCSCN
HMS Subbasin: -5eN (Group A Proposed Site

Ground Cover Type Soil) Acreage, A CNxA

Gravel 76 2.87 ac. 218.1

Railroad Yard (similar to gravel) 76 0.94 ac. 71.4

Lawn (Poor Coverage <50%) 68 0.95 ac. 64.6

Impervious Surface not directly
connected (50% x 1.32 ac. Total) 98 0.66 ac. 64.7

Total 5.42 ac. 418.8

Composite CN =418.8/5.42 =77

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It

includes water retained in surface depressions, water intercepted by vegetation,

evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) can be estimated to be:

la = 0.2 S (Ref. 2, Eq. 2-2) Where: S =1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on the composite CN, the initial abstraction is calculated to be:

l a =0.2x(l000/77-1O) =0.597 inch.

Impervious % =0 (all directly connected impervious modeled separately, see below)

A separate subbasin was created to model the area of impervious surface that could be
considered directly connected to the storm drainage system. Upon review of the surfacing

plan for the site, it is estimated that 50% of the impervious areas contributing to Bioswale 5
are located sufficiently close to storm catch basins and swales to be considered directly

connected. This area is modeled as subbasin "_5 Imp".

1.32 acres impervious x 0.50 directly connected =0.66 ac =0.0010 sq. mi.

Impervious % =100%
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Direct to Pond (Post-Construction)

Composite CN =514.2/6.67 =72

Ground Cover Type

Lawn (Poor Coverage <50%)

Impervious Surface

Total

SCSCN
(Group A

Soil)

68
98

Proposed Site
Acreage, A

0.85 ac.

0.13 ac.

0.98 ac.

57.8

12.74

70.54

The "SCS Curve Number" method also requires the input 0 Initial abstraction (initial loss) in
the computer program. The initial abstraction accounts f all losses before runoff begins. It
includes water retained in surface depressions water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

S =1000 -10 (R f 2 E 2-4)e. , q.eN(Ref. 2, Eq. 2-2)la =0.2 S

The initial abstraction (la) can be estimated to

Based on a composite CN of 77, e initial abstraction is calculated to be:

1a =0.2x(1000/72-1 = 0.778 inch.

method also requires the input of "% impervious" in the computer
program. Referenc states that "the composite curve number should not include any

impervious area t will be specified separately as the percentage of impervious area". As
computed abov , the impervious areas are factored into the CN for the drainage area and
therefore the alue for Impervious % would not include those areas. An, allocation of 1%
imperviou area is input into the model to allow for a small increase in impervious areas
during fi al design.
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Direct to Pond (Post-Construction): Curve Number (CN) and Impervious Area

SCSCN
HMS Subbasin: _PondCN (Group A Proposed Site

Ground Cover Type Soil) Acreage, A CNxA

Lawn (Poor Coverage <50%) 68 1.28 ac. 87.0

Gravel 76 0.1 ac. 7.6

Impervious Surface not directly
connected (75% x 0.30 ac. Total) 98 0.23 ac. 22.5

Total 1.61 ac. 116.7

Composite CN =116.7 /1.61 =73

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
includes water retained in surface depressions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) can be estimated to be:

la =0.2 S (Ref. 2, Eq. 2-2) Where: S =1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on the composite CN, the initial abstraction is calculated to be:

fa =0.2x(1000/73-10) =0.740 inch.

Impervious % =0 (all directly connected impervious modeled separately, see below)

A separate subbasin was created to model the area of impervious surface that could be
considered directly connected to the storm drainage system. Upon review of the surfacing
plan for the site, it is estimated that 25% of the impervious areas contributing directly to the
Pond are loc~ted sufficiently close to storm catch basins and swales to be consid~red

directly connected. This area is modeled as subbasin "_Pond Imp".

0.30 acres impervious x 0.25 directly connected = 0.08 ac = 0.0001 sq. mi.

Impervious % =100%
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Direct to Wetland (Post-Construction)

SCSCN "
/

"

(Group A Proposed Site "
!'"

,,>f"

,/
Ground Cover Type Soil) Acreage, A /.1' CN xA

Wetland 98 0.4 ac. " 39.2/
Impervious Surface 98 0.27 ac. /,,/ 26.5

Vineyard I Undisturbed Area 68 1.93 ae;/ 131.2
Total 2'~fa"C. 196.9

Composite CN = 196.9 I 2.6 =1,6
,/

The "SCS Curve Number" method also requires the i'JP6t of initial abstraction (initial loss) in
the computer program. The initial abstraction accolp1'ts for all losses before runoff begins. It
includes water retained in surface depres~ns, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2). //

.~.y!

/
/

The initial abstraction (Ia) can be estima)e8 to be:

la =0.2 S (Ref. 2, Eq. ~~" Where: S =1~: -10 (Ref. 2, Eq. 2-4)

//

Based on a composite CN oy-h, the initial abstraction is calculated to be:

I. ~O.2X(100/-1O)=0.632 inch.

The "SCS Curve N ber" method also requires the input of "% impervious" in the computer
program. Refer ce 3 states that "the composite curve number should not include any
impervious ar that will be specified separately as the percentage of impervious area". As
computed ove, the impervious areas are factored into the CN for the drainage area and
therefore he value for Impervious % would not include those areas. An allocation of 1%
impe 'ous area is input into the model to allow for a small increase in impervious areas
dur' g final design.

-S\lf8Ue-o~ 'i) '"3/~

~.. ~1 114
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Direct to Wetland (Post-Construction): Curve Number (CN) and Impervious Area

SCSCN
HMS Subbasin: - WetlandCN (Group A Proposed Site

Ground Cover Type Soil) Acreage, A CNxA

Wetland 98 0.4 ac. 39.2

Impervious Surface 98 0.28 ac. 27.4

Vineyard I Undisturbed Area 68 1.93 ac. 131.2

Lawn (Poor Coverage <50%) 68 0.47 ac. 32.0

Total 3.08 ac. 229.8

Composite CN =229.8/ 3.08 =75

The uSCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
includes water retained in surface depressions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) can be estimated to be:

la =0.2 S (Ref. 2, Eq. 2-2) Where: S = 1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on the composite CN, the initial abstraction is calculated to be:

1a =0.2x(1000/75-1O) = 0.667 inch.

Impervious % = 0 (all impervious area not directly connected, factored in CN above)
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Wetland Area Incremental Storage Cumulative Storage
Elevation (ft) (acre) / (ac-ft) (ac-ft)

5.0 0.40
l

J - -

7.5 0.62 // 1.28 1.28

10.0 . 1.44 ,/ 2.57 3.85

11.5 1.6/l ' 2.28 6.13
jf

Section 4.0 - Storage Capacity versus Elevation for Wetland Area and Pond
The bottom of the wetland is at an approximate elevation of 5 feet (It is actually slightly lower
than EL 5). See B&V Drawing SS-3001 (Page ..!.} The relationship of Area vers
Elevation for the wetland area is presented in the table below. The wetland area as
measured by using AutoCAD. It should be noted that a small portion of the wetlan t the
east side within the project property will be filled at a later time. This area will be gr ed at a
4 (H) to 1 M slope towards the wetland. The area in the table below at Elevaf n 10 (1.44
acres) has the future fill area deducted to accurately model the wetland stora capacity.

/
There is an outlet control ¢'~cture proposed between the pond and wetland that will allow

,l

water to flow from the ,pbnd into the wetland when the water level in the pond is above
elevation 10.0. The/"olume retained in the pond below elevation 10.0 prior to allowing
discharge into th~/wetland is determined by calculating the total incremental storage
provided below.e(Ewation 10.0 as shoWn in the table on the following page.

t"'''/
i/

Incremental storage at each water surface elevation is calculated usin

area method below: L
AreaHi +AreaLo .

Incremental Storage Volume =( x (ElevH. - Ele, . 0»)
2 /'

For the volume between elevations 5.0 and 7.5: //

Incremental Storage Volume =(0.62; 0.40 x (7.5 - 5.0)),/1.28 ac-ft

/'
/J

. Wetland Elevation - Area - Storage,sGmmary (See Ref. 9,. Pg 11)

~\?;tlJt<l~Q '7 (n /1 0

~f111Ytt

Retained v6lume to Elevation 10.0 =0.10 ac-ft + 0.23 ac-ft =0.33 ac-ft
,/# .

?

//"
This;lStorage volume reduces the runoff that reaches the wetland. The wetland water

/

~9fTace elevation in the post-construction site condition takes this into account.

/'
/
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Section 4.0 - Storage Capacity versus Elevation for Wetland Area and Pond
The bottom of the wetland is at an approximate elevation of 5 feet (It is actually slightly lower
than EL 5). See B&V Drawing SS-3001 (Page~. The relationship of Area versus
Elevation for the wetland area is presented in the table below. The wetland area was
measured by using AutoCAD. It should be noted that a small portion of the wetland at the
east side within the project property will be filled at a later time. This area will be graded at a
4 (H) to 1 M slope towards the wetland. The area in the table below at Elevation 10 (1.44
acres) has the future fill area deducted to accurately model the wetland storage capacity.

Incremental storage at each water surface elevation is calculated using the average end
area method below:

(
AreaHi + AreaLo . )

Incremental Storage Volume = 2 x (ElevHz - ElevLo)

For the volume between elevations 5.0 and 7.5:

Incremental Storage Volume =(0.62; 0040 x (7.5 - 5.0)) =1.28 ac-ft

Wetland Elevation - Area - Storage Summary (See Ref. 9, Pg 11)

Wetland Area Incremental Storage Cumulative Storage
Elevation (ft) (acre) (ac-ft) (ac-ft)

5.0 0.40 - -
7.5 0.62 1.28 1.28

10.0 1.44 2.57 3.85

11.5 1.6 2.28 6.13

There is an outlet control structure proposed between the pond and wetland that will allow
water to flow from the pond into the wetland when the water level in the pond is above EL
8.75. The volume retained in the pond below EL 8.75 prior to allowing discharge into the
wetland is determined by calculating the total incremental storage provided below EL 8.75
as shown in the table on the following page.

Retained Volume to EL 8.75 = 0.085 ac-ft (halfway between EL 8.5 and 9.0)

This storage reduces the volume that reaches the wetland from the pond. The wetland
water-surface elevation (WSEL) in the post-construction site condition takes this into
account for smaller storm events. For larger storm events, the WSEL becomes equalized
between the pond and wetland and flow no longer occurs from the pond to wetland. Thus
the volu.me of runoff t~ the wetland does not include the volume stored in the pond:
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The proposed pond will provide additional storage capacity for the stormwater runoff from
the post-construction site conditions. Below is a table summarizing the relationship of Area
versus Elevation for the proposed pond (areas measured using AutoCAD). Also included
are columns summarizing the incremental and cumulative storage volumes provided in the
pond at each elevation interval

qgp

Pond Elevation - Area - Storage Summary

Pond Area Incremental Storage Cumulative St7
Elevation (ft) (acres) (ac-ft) (ac-ft)

8.5 0.18 - -/
9.0 0.21 0.10 ft10
10.0 0.26 0.23 / 0.33

11.0 0.31 0.29 /' 0.62

12.0 0.37 0.34 / 0.96

13.0 0.43 0.40 / 1.36

14.0 0.50 0.46/ 1.82

15.0 0.56 O~ 2.35

For larger stonn events, the water surface~n in the wetland will exceed the outlet
control elevation in the ond, resultin in an. ualized water surface elevation between the
wetland and pond. Below is a table sum arizing the elevation and storage volume within
the wetland and pond system for larger noff volumes.

Equalized Wetland + ond Elevation - Area - Storage Summary

/;ond
Incremental Incremental

Wetland Wetland Pond
Elevation Area;/ Area Storage Storage (ac- Cumulative

(ft) (acres (acres) (ac-ft) ft) Storage (ac-ft)

5.0 0.ft6 - - - -

7.5 /tl.62 - 1.28 - 1.28

8.5 /1 0.95 * 0.18 0.78 - 2.06

9.0 / 1.11 * 0.21 0.52 0.10 2.68

10/ 1.44 0.26 1.28 0.23 4.19

A'1".0 1.55 0.31 1.50 0.29 5.98

/ 11.5 1.6 0.34 * 0.79 0.16 6.93
'" Denotes interpolated value

S-.il"e.ue'ot''Q
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The proposed pond will provide additional storage capacity for the stormwater runoff from
the post-construction site conditions. Below is a table summarizing the relationship of Area
versus Elevation for the proposed pond (areas measured using AutoCAD). Also included
are columns summarizing the incremental and cumulative storage volumes provided in the
pond at each elevation interval.

Pond Elevation - Area - Storage Summary
Pond Area Incremental Storage Cumulative Storage

Elevation (ft) (acres) (ac-ft) (ac-ft)

8.5 0.33 - -

9.0 0.35 0.17 0.17

10.0 0.41 0.38 0.55

11.0 0.48 0.44 0.99

12.0 0.54 0.51 1.50

13.0 0.61 0.57 2.08

For larger storm events, the water surface elevation in the wetland will exceed the outlet
control elevation in the pond, resulting in an'equalized water surface elevation between the
wetland and pond. Below is a table summarizing the elevation and storage volume within
the wetland and pond system for larger runoff volumes.

Equalized Wetland + Pond Elevation - Area - Storage Summary

Incremental Incremental
Wetland Pond Wetland Pond

Elevation Area Area Storage Storage (ac- Cumulative
(ft) (acres) (acres) (ac-ft) ft) Storage (ac-ft)

5.0 0.40 - - - -
7.5 0.62 - 1.28 - 1.28

8.5 0.95 * 0.33 0.78 - 2.06

9.0, 1.11 * 0.35 0.52 0.17 2.75

10.0 1.44 0.41 1.28 0.38 4.41

11.0 1.55 0.48 1.50 0.44 ,6.35

11.5 1.6 0.51 * 0.79 0.25 7.39
* Denotes Interpolated value
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Section 5.0 HEC-HMS Output
The parameters determined in Sections 1.0 through 4.0 were input into the HEC-HMS
computer program. The outflow from the wetland is specified in the HEC-HMS program to
be 0 at all times (no outflow). The initial water elevation in the wetland is specified to be at
EL 5 assuming that standing water in the wetland is not higher than EL 5 when the modeled
rainfall events begin. Normal water level is approximately EL 4.6 as shown on Page 6.

The total runoff volume for each storm event was calculated by running the HEC-HMS
program. The table below summarizes the runoff volume produced in the pre-construction
and post-construction site conditions for each storm event. The output results are included
in Attachment 2

Rainfall Event
Pre-Construction Post-construction/
Runoff Volume Runoff Volume

1-inch 0.03 ac-ft 0.14 ac-ft /
10-year 1.10 ac-ft 1.84 a9rft
100-year 2.70 ac-ft 3.9"Vac-ft

1DO-year + 1O-year 3.80 ac-ft ,,,3'75 ac-ft
,j-

/~,!"

Section 6.0 - Determine WSEL within Wetland Area ,,//
The results from Sections 4.0 and 5.0 were used to deterl1)m~ the resulting WSEL within the

.r
wetland area for each storm event. The WSEL in thejwetland is determined based on the
amount of runoff that is conveyed to the wetland/~a. As calculated in Section 4.0, the
proposed pond retains a volume of 0.33 ac-ft, t1ierefore the amount of runoff that reaches

-'/

the wetland in the post-construction conditiop'can be reduced by 0.33 ac-ft to determine the
"'resulting wetland WSEL. Below is a gen~al diagram of the pond and wetland configuration,

showin·g the retained volume in the PQRa
i

below elevation 10.0. .
,/

OUTLET CONTROL STRUCTURE
TOP ELEV. f'i ...

Pe>o-tO ftt;!E f'/n..-l "

"<1l.v""C :; (7.") 1 "".ft

POND TOP ELEV .!.£O

-l
WETLAND OVE~;/'
ELEV 11.7± ,/

./,,/----- --/~
---100+10 -------7<-tr-------...::-==-----------...:::--'

WETLAND 80lT0M "
STORAGE ELEV 5.0 ..Jl-------------_

POND OUTFALL ELEV ~~

/
By co aring the proposed runoff volumes discharged to the wetland against the
inter lated storage capacity volumes by elevation (summarized in Section 4.0), the WSEL
i e wetland is determined.



Section 5.0 HEC-HMS Output
The parameters determined in Sections 1.0 through 4.0 were input into the HEC-HMS
computer program. The outflow from the wetland is specified in the HEC-HMS program to
be 0 at all times (no outflow). The initial water elevation in the wetland is specified to be at
EL 5 assuming that standing water in the wetland is not higher than EL 5 when the modeled
rainfall events begin. Normal water level is approximately EL 4.6 as shown on Page 6.

The total runoff volume for each storm event was calculated by running the HEC-HMS
program. The table below summarizes the runoff volume produced in the pre-construction
and post-construction site conditions for each storm event. The output results are included
in Attachment 2.

Rainfall Event
Pre-Construction Post-Construction
Runoff Volume Runoff Volume

1-inch 0.06 ac-ft 0.24 ac-ft

10-year 1.17 ac.:.ft 1.98 ac-ft

100-year 2.79 ac-ft 4.05 ac-ft

1OO-year + 10-year 3.96 ac-ft 6.03 ac-ft

Section 6.0 - Determine WSEL within Wetland Area
The results from Sections 4.0 and 5.0 were used to determine the resulting WSEL within the
wetland area for each storm event, based on the amount of runoff that is conveyed to the
wetland area. Per Section 4.0, the pond retains a volume of 0.085 ac-ft for small storm
events and provides greater stor~ge when equalized with the wetland. Below is a general
diagram of the pond and wetland configuration, showing the retained volume in the pond
below the outlet hole elevation and the wetland I pond equalized WSEL.

OUTLET CONTROL STRUCTURE
TOP ELEV. \'2..0

OUTl-ET HOl-ES El-EV 11'.7)'

t>i>I"A cu:~wn......
\/>o\..VMI!: ., o,o"'S 0.(..1+

POND TOP ELEV n.o

POND OUTFAlL ELEV j:J

~
WETLAND OVERFLOW
ELEV 11.7±

--- -------100+10 ---------;;..::-:..:-:..:-:..:::-:.;;::-::::.:..- --""'--'
WETlAND BOTTOM
STORAGE ELEV 5.0

By comparing the proposed runoff volumes reaching the wetland against the interpolated
storage capacity volumes by elevation (per Section 4.0), the wetland WSEL is determined.
For a 10-year event,
1.98 ac-ft site runoff - 0.085 ac-ft retained in pond =1.895 ac-ft to wetland (use 1.90 ac-ft)
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Determine WSEL10 (Wetland WSEL for 10-year/24-hr storm for post-construction site)

7.5 1.28

10.0 3.85

Wetland Elevation I Volume Data (from Section 4.0)

ummary 0 uno o ul}l'e e an
Pre-Construction /1' Post-Construction

Runoff to WSE~m Runoff to WSELin
Rainfall Wetland WA:nd Wetland Wetland
Event (ac-tt) " tt) (ac-tt) (tt)
1-inch 0.03 J>

5.1 0.05 5.1./f'
10-year 1.10 ,t/" 7.2 1.51 7.7
100-year 2.70

p

8.9 3.58 9.7/
100-year

3.80 l/// 10.0 5.42 10.7
+ 10-year

Interpolate WSEL 10 1.51 (10-yr post- runoff to wet/a

Wetland Elevation (tt) Cumulative Wetland Storage (ac-ft)

Interpolating forWSEL10 = (1.51-1.28XlO.O-7.5) +7.5 =7.7 ft.
(3.85 -1.28)

Using the above method for the other storm events, the resulting pbs construction WSELs
in the wetland are summarized in the table below. Since the po provides 0.33 ac-ft of
retention storage, up to 0.33 ac-ft of runoff volume to the pond' deducted from the total
runoff volume to wetland. For example, in the 1-inch storm, a tal of 0.09 ac-ft flows to the
pond - see Att.achment 2. Since this is less than the 0.33 -ft pond retention volume, this
0.09 ac-ft is retained in the pond and deducted from tota~ noff (0.14 ac-ft) to yield the post
construction runoff volume of 0.05 ac-ft to the wetland. /

".,ii
/f'. .

S f R ff V I '& W tl d WSEL

/

Conclusion:/"
Based on the Ii,EC-HMS an'alysis and the storage analysis of the existing wetland and
proposed pond(the varying runoff volumes for each storm event will be contained on site
without OV.r6bwin9 to adjacent properties. From B&V Drawing SS-3001, the lowest
elevation/Nhere the stormwater in the wetland can overflow to other properties is EL 11.7
feet, wpile the maximum elevation for the 100+10 storm events is EL 10.7. This analysis
doesAlOt account for storage within the bioswale system, nor infiltration that would be
e~cted to occur which would reduce the volume of runoff that would be expected to
~~~~IIY reach the wetland area. Therefore this analysis can be considered conservative,

I relating to the overall flood storage capacity for the site.I .' .' .
5vptll.Seoeb '; ll3 /10

~ .. P1 )/11
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Determine WSEL10 (Wetland WSEL for 10-year/24-hr storm for post-construction site)

Wetland Elevation I Volume Data (from Section 4.0)
Wetland Elevation (tt) Cumulative Wetland Storage (ac-tt)

7.5 1.28

Interpolate WSEL 10 1.90 (10-yr post- runoff to wet/and)

10.0 3.85

Interpolating for WSEL10 = (1.90 -1.28XlO.0 -7.5) + 7.5 = 8.1 ft.
(3.85 -1.28)

Using the above method for the other storm events, the resulting post-construction WSELs
in the wetland are summarized in the table below, taking into consideration the volume
stored within the pond for each event. For the larger events (100-year and 100+10 events),
the runoff volume results in an equalized WSEL in the wetland and pond. The runoff volume
reaching the wetland is the total site runoff minus the volume provided within the pond at the.
equalized WSEL. For example, the 100-year site runoff is 4.05 ac-ft, with 0.47 ac-ft stored
in the pond at EL 9.8. Therefore the runoff to wetland volume =4.05 - 0.47 =3.58 ac-ft.

Summary of Runoff Volume & Wetland WSEL
Pre-Construction Post-Construction

Runoff to WSEL in Runoff to WSEL in
Rainfall Wetland Wetland Wetland Wetland
Event (ac-tt) (tt) (ac-tt) (tt)

1-inch· 0.06 5.1 0.15 5.3

10-year 1.17 7.3 1.90 8.1

100-year 2.79 9.0 3.58 9.8

100-year
3.96 10.1 5.11 10.8

+ 10-year

Conclusion:
Based on the HEC-HMS analysis and the storage analysis of the existing wetland and
proposed pond, the varying runoff volumes for each storm event will be contained on site
without overflowing to adjacent properties. From B&V Drawing SS-3001, the lowest
elevation where the stormwater in the wetland can overflow to other properties is EL 11.7
feet, while the maximum elevation for the 100+10 storm events is EL 10.8. This analysis
does not account for storage within the bioswale system, nor infiltration that would be
expected to occur which would reduce the volume of runoff that would be expected to
actually reach the wetland area. Therefore this analysis can be considered conservative,
relating to the overall flood storage capacity fC?r the site.
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HEC-HMS Input - Basin Model 1 (Existing Condition)
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Wetland Storage Capacity Data
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HEC-HMS Input - Basin Model 7 (Post-Construction Condition)
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Grid eel F~e: ~

Loc.slFlow: No

Flow Ratios; No

Replace MIssilg; No

5e<hent:

Wli.OfQuolity:

lklit System: U.S. Customary

c...",.,tum&aeo'lu"IOurn , .•ft'~PUI.) ~I~

Sh:woJ Elements:

Sltibasin IAt~ Abstraction ClJ'Ve f>UN>er I~ervbus

(IN) (0/0)

1+2CN 0632 76 0.0

_1+2 Imp o04l 98 100

_4CN 0.500 80 0.0

_41ff1J 0.041' 98 100

_5CN 0.597 77 00

_5~ 0.041 98 100

J>ondCN 0.1401 73 0.0

.Pond~ 0.041 'lEI 100

_Wetland 0.66', 75 0,0

iIlOlk&ll1W. 00e!l0lI' ~ llflnr-lO. ~ro u.:flbY.
NOTE 10180: Opened mete<ll'ologic model "5tcrm3 . I rdl" li. time 09Sep2010, 09:11:3'1
OOTE 10179: Opened basin model '"Basn 7· recoriifp"e- at tiTle O9Sep2OIO, 09:20:11
NOTE 10179: Opened bas<n model '!la,,, I • ElOSthf .. tiTle 09Sep201O, 09:38:52.
NOTE 10179: Opened basn model '!lam 7· reconf;ou'." li. tiTle 09Sep2010, 09:18:46.

Ede ~ yrew Cornpc:nerb e.ewewneters CompUe !!esuts loots ~

:J •••D~g

flJ Basin S

flJllasn6
-flJ~~:m

.• ~_1+2CN

+ ~_1+2Imp

+ e._1 CN

... ~_4lmp

+ ~_5CN

+ ~_5Imp

+ l';'" _Pond CN

+ ~_Pondlmp

T !;"'_wettar.:!
~Bi05'rV.sle 1

C~s Compute ReSlits

flJ Ilosn Mod.1

Name: Basin 1-r'8:~

lle<o1>tion: Expond pond - recon/q.,e ImI
Gril c.I File: ~

Loco! Row: No

FIowRaoos: No

R"lliace""""'J: No

5e<hent:

Wli.Of QlJelty:

lSi: System: U,S. Custcmary

Show Elemerts:

_1+2 CN

_1+2 Imp

_4CN

_4 Imp

_SCN

.Slmp

yond CN

_Pond Imp

_Wel~d

-,

-

l"OHne
(MIN)

6

6

6

6

6

6

36

36

36

--

fWOTrlUlllI:"~_~"5lliiffi2-'='r"lC_l195eP2lf[lI;lJ9:lU:~'T.

INOTE 10180: Opened meteorologic model "5tcrm3· 1 rdl"li. time 09Sep2010, 09:11:3'1
INOTE 10179: Opened bo5in model "Basin 1· recon/iope"li. tine 09Sep2010, 09:20: 11.

l
iNOTE 10179: Opened basin model ~Basin 1 • Exism.t at tine 09Sep2010, 09:38:52.
NOTE 10179: Opened basin model ~Basin 7 • reconfigl,xe- at tine O9Sep2OlO, 09:1B:~



Bioswale 1 Storage Capacity &Discharge Data

~1UI' ~
NOT( 10180: Opened metoorolo9c rr<>deI'Storml - 100,24" ~ tina 09S0p2010, 09:09:30.

j
NOTE 10180: Opened metoorolo9c rr<>deI 'Slorm2 - 10.2'" ~ tina 09S0p2010, 09: 10:59.
NOTE 10180: Opened metoorolo9c rr<>deI"storm3 - I ""h" 01_ 09S0p201O, 09:11:34.
NOTE 10179: Opened boWl rr<>deI"8os<l7' rocoriq.lo" 01_ 09S0p2010, 09:20:11.

DaJln _ IIAIin 1- ro:c:on/lout.
EIemont IIiome: BIo,waIo I

_.., _l-+2(Corilhod)

Downstre.: f"I1

I'IIlIlodl 0liII0wc..ve
stor. MotIlodl -.....,...-90

_ul'\nllan, __ 1+2

EJev.1lk F"'c11o'" _1+2
PwrMry, _lIIlono!llo<horoe

Condllon· lrIIow. CUIlow

_i__5

I'ti
Pond
Wel!ond-..J-...... _*' 5tcnnl'IOD 24.*" storm2 ,Io.Zi

~ _'I.-.cIl
C<rirol SoedJc-.
iwr~Ser\el:Dttta

PMMlDlita

storn<Z· 10,24

~stOflf>'l'11'lch

CDrbai lpod"-lllnJ
Time-s..... 001.
P"'odOol.

EIovot>or>-A.e. Flroclion<

~
'

~_....
~1ll_oI.5

~Pond
ll;!Watlond E>- ..J EItv__90 f\RIIorlS

~_1+2

ll;!-.I..

~-12: Pond Outlet 9,0

carw- '-ft_

p...dDoU T Groph

-abc<l1FT) _L__ .!!."(ACl__J
12.5' 0.06!

13.0 0.15

1',0 0.33

15.0 0.51

15.5 0,60

16,0 0.69

16.5 0,78

17.0 o.llll

1+2 eN

'-11 and I~"" ~q"'-__-t.~ -j~_'+21mp

..

_.Im

l'Ot&5i Fi"iStlidoomptfflgSln<.lbbOnll,l'\"UI~ ~ll),lJ:fi.,:u.~-r:

NOTE 10180: Oponed metoorob;jc rr<>deI "stormI - 100.2'" oIlkne O9Sop20IO, 09:09:30.
NOTE 10180: Opened metoorolo9c rr<>deI'Slorm2 • 10.2'" 01 time 09S0p2010, 09: 10:59.
NOTE 10180: Opened metoorolo9c IOOdoI 'Slorm3 • 1 r.ch" 01_ 09S0p20IO, 09:11 :3'
NOTE 10179: Opened boWllOOdeI "8os<l 7· roconliQl.r." 01_ 09S0p2010, 09:20:11.



_" 1m

•U <\0 I';::~I----""""T'---;",.;f---...,~

IN01n0TB5:AlBili5dcotnPWiOSi'ilti6QOrifil\ EXH'al~LH2:{J.4n'tf;"W:-'1U.~•
NO E 10180: Opened meteorolo9i: IOOdeI"SlOfml - 100.21' at tme 09Sel>21l10. 09:09:30.
NOTE 10180: Opened meteorolo9i: IOOdeI "SlOfm2 - 10.21" at time 09Sep2010. 09: 10:59.
NOT'[ 10180: Opened meteorolo9i: model "SlOfm3 - 1 ro," at lime 09Sep201O. 09: 11 :31.
NOT'[ 10119: Opened bas.n modeI"8aW17 • rocor/ioll." at tine O9Sep2OIO, 09:20: II,

1.881

2.53

3.68

5.11

6.93

8.91

11.11

13.19

16-01

18.16

21.61

~P'''dDoto Tallie e;,.p,

I'levatlotl (FT) DiIcho<ge (CFs)
~~12-.S"'i-===;;'::0.00

tJ,Qi o,n
11.0 1.33

15.0 1.71

15.5

15.61

l511

15.8

IS.

160

161

16.2

163

161

16.5

r....~Di1It1
~_DiU

s.....,...""",MntIons
~-"'l+~
~_1

ll2:_s
Il2:Pond
~Wetland&

I'lev~"""""'"
~ ..
~-.....
~_e1e5

~Pond~9.0

C""'I'ON'f'Is COr!'Olb IleUs

[ole ~ Y.lew ~. ~_.,. c........ ~_ IooIs ~

D~IiI(jj i~ +~~~1wl0fi+~~ ~ ..

~~~-----~



Bioswale 4 Storage Capacity & Discharge Data

_'" Irnp

iNOTE IDloo: ~=oloQi:=-=: :~:==~::~l~~~.,
NOTE 10179:~ basil model "Basin 7· reconfilu'e" at_ 09Sep2D10, 09:20:11,
NOTE 10179: Opened basil modol"Basin 1 • ExIstroQ" at tme 095ep2010, 09:311:52,
NOTE 10179:~ bosn model "Basin 7· reconfiQu'e" at_ 09Sep2D10, 09:t6:'16,

_.5"
,1'/1

Pond
WolIond

~5lQrm1 • IDO,Z'I
Storm2. ID.2t
~ Corr1>l.to Ileo.As

Basin~ saM 7· rHUnf"JIJ'tre
flemr.ntrY~ Bk).-w ..

Descr\lbotu 1IIos_4

~I_S

i'lethodl CktIIow One
storOQO _: EJevllbcn-Ar..,-!llschcI'go

flo¥.Ar.. f'\JncIjcn, _ ••

EIeldlisfV:1<bon: _

"'''lI'l':EIev~
IItilI C«d>on: _ - 0lAt\0w

E*' ~ 'few~ Etw-. ~e Besul. IDOls ~

D~liiIdi I' +~~~~<f+~~ __ IlItI
_SIlIIp ~~~ ~

..Po;nlOl ~
• ",..Po;nl1q>-_.1

<:t. u nne-Series Data
=< U Paired Dot.

£levotillrl-Ar..1Vdlons
1!<!:_.1+2
~
~_5

~Pond
~Wetl.r<fEx
BevlllJor>.OisdIorgo FulCtlllm
k;::1Ilo5wole1+2

~=k;:: Pond 0\AJ0t 9.0

CDmponenls e-e Ileo.As

k2: Paired Dol. TaIJle Graph

BevllClor1(fT)

12.5

13.11

It.O
15.0

15.5

16.0

16.5

0.0\

O.lH

0.09

0.1

0.17

0.20

0.23

Ntm.1lJl orm2 e 10.21 «tI'1'IitUlJ5ep2tJlU~tN:Ju:'S9.

NOTE 10100:~meteoroloQi: modol "StOfm3 - I i:lch" 01_ 09Sep2010, 09:11:30.
NOll' 10179: ~basilmodel"Basin7-reconfiQu'e"at_09Sep2D10, 09:20:11.
NOll' 10179: Opened basil modol"Basin I • E<IslI'9" at tine 09Sep201O, 09:311:52.
NOTE 10179: Opened besin model "8esin 7 - roconfilu'o" at time 09Sep2D1O, 09:t8:'16
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Bioswale 5 Storage Capacity & Discharge Data

.n 1Q Ica------l!I'!I-----lI-;f----...='.. _1+1Imp

Nt11E •
NOlI 10180: Opened meteorobjlc modeI"St0rm3 -linch" at tine 09Sep2010, 09:11:34.
NOlI 10179: Opened bosi1 modeI_7 - ""orIq.,e" at tine 09Sep2010, 09:20:11
NOTE 10179: Opened bosi1 model_I - Exlslrog" at tme 09S0p2010, 09:38:52.
NOlI 10179: Opened bosi1 model_7 - rocorlq.,o" at tine 09Sep2010, 09:48:46.

8asin~_7-~

~nll<llmo; BIc>....1e S

~l_.. S__, PIlnd

Mothod· Outllow 0.....

-000 Mothod, EloY_~oe

fIoY.AI..~: _5

EloY-{)ls Fu'1d1on. IIioJoooIoS
_'_~90

Il1lIolC_, lrIlow-o..<IIow

I'.ie ~ \(lew ~. for-' ~o Ii..... loois t!o\:>

D ~ iii ~ [~ + Q. ,;. ~ ~ F.T~<\>,~,?~~~~JIij~II~~~.~~~~~~~~~~~~~~~~~~

.eN

1.I::;J----~t.I---_t..olF---____tIlil.- oJ Irop

0.03

0.05

D.D7

0,08

om
0.10

P..odOato ,ol>lo Gr"lll>

_..,;Dovooon==..::.lfTl.;,:....,.,--__ AI.. (I\C)

12.0

13.0

14.0

14.5

15.0

15.5

1:1': W LOOIJ'OI ~lCarlOOS

W..::. ~-Sorl.. Dot.
I.:;: d P~ired Data

- ...J Elf........",.. R.n<ncns
~_12

!2:llIa<wolo4

~~dEx
- ..JEltv~P1Ilctlono V'/ II nQ

12:-0101+2

l2:-oIe4
~~ __ _~ no

C~~_

I'.ie ~ \(lew ~. for-' ~o !l.osub looIs t!o\:>

D ~ iii gj r\-- + Q. ,;. ~ iIJJ T <\>' '? ~ ~ II

,g~~~----~

IWJltIOi8lP, openeomete«~<W1'n27l1T.'"'.14~;w:1U:~ .
NOTE 10180: Opened meteorobjlc model ''StcrmJ - I \'lch" at _ 09Sep2010, 09: 1I:34.
NOTE 10179: Opened bosi1 modeI_7· rocorlq.,e" .. _ 09Sep2010, 09:20:11.
NOTE 10179: Opened bosi1 model_ 1 . Exismlf at tine 09S0p201O, 09:38:52.
NOTE 10179: Opened bas" model_7· rocorlq.,e"" tine O9Sep2OIO, 09:48:4/;.
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Pond Storage Capacity & Discharge Data

~Jb.,_5Imp

.;t; ~_PordCN

"~Yon:ll~
±t ~_Wetland
~_1

l!!!!I_4_5
.'I't!
~"

illJWotldnd
~ U MeteorokJ9c Models

fi 'Jh stormt • 100,24

l<! ~ S1:0nn2 • 10.24

Components Compute Results

Ba... '""""" 0_7 - _Gillig....
EIeo.- _ pond

~' lletertIaI Pond
_.~

f'!ett>od' Outflow ClJM:

St""'QIlMolllOd, --00
0rN-/>J F\Rlkln: Pond

_1Vdlor> Pond Outlot

.-..vl~
WloI CondIlon. IrtIow.~

==-_ _._ -

[Ie ~ YJew Comp;Jroern Eor-... ConlpAo ~ Icob tjelp

Dlliliililj j~ +Q.~~~'ti<!r'T~ JiU

~~~------~

~.

WAANING 4156'1: CoUd nolload elevotkln_oe toble for reseNOi' 't'ond".
WARNING 4156'1: CoUdnollo.odelevot~horoetobiefor r_-.., 3".
WAAIIlNG 4156'1: CoUd nollo.od """'_charge tobIe for resoM>i' "Pond".
WAANlNi 4156'1: CoUd nollo.od """,_charge toble for resoM>i'"ElioswoIo 3".

Aroo(AC) I
0.33

0.35

041

0,48

O.Sq

0.61

0.67

0.75

8.5

9.0

10.0

11.0

12.0

13,0

14,0

15,0

If::PalredDoto- Tobie Gropt,

EIoYotlen (FT)

:f,; 'JfJ' st0rm2 • 10.24

'" -1fJ'S1:orm3·1 i'lch
,.. ConI:rol Specifications

if rrne-Series Data
:":,,,: d Paired D!ta

,:;, U Elevation-Area FlSlCtions

Ik: Bioswale H2
l\::=;Bloswele 4
~_5

~WotlonclEX
::' U EJevatictl·Disclw'ge FlI'lcticns

!f::0Ioswele1+Z
~ CQII(aU R_

Be ~ YJew ~. Eor_or. ConlpAe ~ Icob ~

DIliIiil';>;!~ +Q.~~I!!!l'ti+'T~ I~.

"':~~~------~I

-oe t:T~
WAANING 4156'1: CoUd nollo.od elevotion-d5Charoe tobIe for r_'t'ond".
WAR~ 4156'1: CoUd nollo.od elevotion-dscharoe toble for'- "Biosw.1e 3".
WAAN1NG11564: CcUd not load el"",atiCln-discharoet~ fOl reservoi' ''Pcnc:r.
WARNlNG 41561: Could not bed elevation-discharoe table for r&servoir "Bioswale 3".
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_'11'IJ: __ _""..-·-'.2 .....
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Wetland Storage Capacity Data

l>6v."UllJcf~~~llIr

""_"156<1, CcUd not load elevollorHk<lw;e table for reservoi'_,
WARNING 1156<1, CcUd not load elevoticr1_;e table for reseNoi' -... 3·,
WARMtJG41564: COl...':t net load Msvation-cltschar'oe table fCK reservoi' "Pord'.
""_"156<1: CcUdnotloodelevlll~l.obIofor'-"IIio5woIo3",

...
Basin NarIH!: Basin T - reconflotre

fIernent N<Imo!: wetland

Descr~: Wet~ stOf'¥Je

Downstream:
-, Sl>odied _

_ ._: VOV.......Ilt..

tlov-AI1 1UldlDo, wot\ond Ex

TmilICadlon: EJoyation

TnboIEIoYoIJonVT> 5.0

~~~I

--(CFS)

Mo:<e.-avII'C-flj

-oio:Qr:-• ~stonnl'loo.2'!

~ CDnoIoiJ: R=b

Fie E.- ~ ~. Por_. Cor!lIU. R..... Tools ..,

[)~liIlit i~ +~~~l!!!Ji\!i+'T~ l;¥

~~~-----~

1;...:I-------~r.J_--_j,lo.IlF_--__...,ii:w.-' 11",0

NOrn17'J:BifiiI ,~ _ 2Cl'n1lr.itWr:

NOTHI 13: ltitlaIobolr_'lIlof","-·_I+2Iq>·"O.2lll9.
N01H11<3, TnboI__ 'atiofor~'_51 ,,0,2lIl9.
NOT£11113: TnboIobolr_,_for-....·.J'QrdIq>·s(l.2OllO.
NOT£101B5: FtlIshod~~",,1'05t·1·0d1·llltlno 11S<:p2:010, 1]:..:00.

1lo<n5
~I1o<M

-.1. ",alrilj\le
Met~ModoI.

COO"irolSpecfi:o"""
finot.5oriM 0....

- ..) P"".dOolI

- -.lVOVIll1Il1l-I\n:. Ftn"""
112:_1+2
~_1

~_.s

~~,
~ Cilorp«. R=b

~_gu Tobo Gtaoh

-....,(fT.=.)=~_~..:.:...:.(:;:AC):::!..._
S IDII 0.1IIlIJl

1.sooo 0.62000

10.1D11 11<1000

1I.sooo 1.la1OO
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HEC-HMS Input - Meteorologic Model Storm1 - 100-year, 24-hour storm

IO=lI----.....,~I----L.f---...,~-l.limp

~ . lOcrno("~Ole'Yati5tRIStt1Ii'O (
WARNING'II56'!: CO<Jd not Iood elev<ltiol'Hisd>aroe table For ,ese<VOil' _ale 3"
WARNING'II56'!: CO<Jd not Iood elev<ltiol'Hisd>aroe table For ,eser\'Oil'"Pond".
WARNlI«.i'lI56'!: CO<Jd not Iood elev<ltiol'Hisd>aroe table For ,ese<VOil' "IlioswaIe 3".

,IDlE 10180: Opened meteorolooic modoI 'Slorml - 100.2<1" It time~IO, 10:23:32.

rfarne: •orml - 100.24

~ '0lM012'1-+or <lam

Pr~! SC55torm

EvllpOb....".ollon. ~ono-

~--
Unt~ U.SC~

_5
1+1

lWPood
,-,Wetland

'" W MeteoroloQic Models
'~i~§m·'·.

~o SCSSlonn

,f'~ SlormZ - 10.2'1

:1:t *' stcnn3 . 1 ilch
~. 0 C_oI5pedicotions
::t, 0 nne-Series Data
S t:J Paired Data

[fj t:l E1evl!liljon-Area Ft..nctions

Components C'ompute':' Resl*s

Eie ldl ~ ~. e.-. ~o I!...... r- ~
D~IiI~!~ +Q.bi!o;-IW!J~'\>'~~ ~q.lII.

~~~---~--~

1.:;;.f--- .....'J'!II-__-t....;,f -I~-1.2ImpIIl1nn

Name: storm1 - ItJ0.24

Method: Type I

Oepth(lN) 39

-..aloS
1+1

lwIJPond
ilIlIWelOnd

'- Q Motoorolor;jc Mod.~;.::.; '*" storm1 . 100.24
6.l

•.~ storml - 10,2'1

di Yb stct'm3 - 1 inch
t.= '0 Conb"o' SpecificaOOns
ii 0 Tme-Sel1es Data
'_ UPairedOata

~ Q Elevation-Area FlIlCtions

~ C_Reds

~

f.Jo ldl Yit:w eo-- e.-or. ~o !!.- r- ~
D ~ iii iij i'~-' + Q. .;. i!o;- lwIJ T '\>' '¥ ~ ~,. III 1m 1/,1

~~~----~-~I

:""'(r<>t~~~.

WARNING'I'56'!: CO<Jd not load elevltion-di<charoe table for.....--. 3"
WARNlNG'II56'!: CO<Jdnot load elevotion_oe table For 'eserI'Oir"Pond".
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HEC-HMS Input - Meteorologic Model Storm2 - 10-year, 24-hour storm
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HEC-HMS Input - Control Data
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Description Key for HEC-HMS Input/Output Data

Hydrologic Element Description
1+2 Drainaoe area flowino to Bioswale 1+2

... ~~ ':l

4 Drainage area f1owino to Bioswale 4
5 Drainaoe area f1owino to Bioswale 5

Pond Drainage area flowing directly to Pond
Wetland Drainaoe area flowino directly to Wetland

Bioswale 1+2 Flow from Bioswale 1+2 outlet (to MH1)
Bioswale 3 Flow from Bioswale 3 outlet to MH2)
Bioswale4 Flow from Bioswale 4 outlet to MH1)
Bioswale 5 Flow from Bioswale 5 outlet to Wetland)

MH1 Flow from Bioswales 1+2 and 4 (to Pond)
MH2 Flow from Pond and Bioswale 3 (to Wetland)
Pond flow from Pond Outlet (to MH2)

Wetland Flow from Wetland (set to 0.0)



HEC-HMS Out ut - Pre-Construction 1-lnch Rainfall Runoff Volume
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HEC-HMS Out ut - Post-Construction 1-lnch Rainfall Runoff Volume
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HEC-HMS Out ut - Pre-Construction 10-Year, 24 Hour Runoff Volume
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Chapter 2 Estimating Runoff

[eq.2-1]

[eq.2-3]

[eq.2-4]

SCS runoff curve number method

The SCS Runoff Curve Number (CN) method is de
scribed in detail in NEH-4 (SCS 1985). The SCS runoff
equation is

where

Q =runoff (in)
P = rainfall (in)
S = potential maximum retention after runoff

begins (in) and
Ia = initial abstraction (in)

Initial abstraction (I,,) is all losses before runoff
begins. It includes water retained in surface depres
sions, water intercepted by vegetation, evaporation,
and inflltration. Ia is highly variable but generally is
correlated with soil and cover parameters. Through
studies of many small agricultural watersheds, Ia was
found to be approximated by the following empirical
equation:

Ia = 0.2S [eq.2-2]

By removing Ia as an independent parameter, this
approximation allows use of a combination of S and P
to produce a unique runoff amount. Substituting
equation 2-2 into equation 2-1 gives:

Q _ (P-O.2S)2
- (P+O.8 )

S is related to the soil and cover conditions of the
watershed through the CN. CN has a range of ato 100,
and S is related to CN by:

S = 1000 -10
eN

Figure 2-1 and table 2-1 solve equations 2-3 and 2-4.
for a range of CN's and rainfall.

Factors considered in determin
ing runoff curve numbers

The major factors that determine CN are the hydro
logic soil group (HSG), cover type, treatment, hydro
logic condition, and antecedent runoff condition
(ARC). Another factor considered is whether impervi
ous areas outlet directly to the drainage system (con
nected) or whether the flow spreads over pervious
areas before entering the drainage system (uncon
nected). Figure 2-2 is provided to aid in selecting the
appropriate figure or table for determining curve
numbers.

CN's in table 2-2 (a to d) represent average antecedent
runoff condition for urban, cultivated agricultural,
other agricultural, and arid and semiarid rangeland
uses. Table 2-2 assumes impervious areas are directly
connected. The following sections explain how to
determine CN's and how to modify them for urban
conditions.

Hydrologic soil groups

InfIltration rates of soils vary widely and are affected
by subsurface permeability as well as surface intake
rates. Soils are classified into four HSG's (A, B, C, and
D) according to their minimum inflltration rate, which
is obtained for bare soil after prolonged wetting.
Appendix A defines the four groups and provides a list
of most ofthe soils in the United States and their
group classification. The soils in the area of interest
may be identified from a soil survey report, which can
be obtained from local SCS offices or soil and water
conservation district offices.

Most urban areas are only partially covered by imper
vious surfaces: the soil remains an important factor in
runoff estimates. Urbanization has a greater effect on
runoff in watersheds with soils having high infIltration
rates (sands and gravels) than in watersheds predomi
nantly of silts and clays, which generally have low
in.f:t.ltration rates.

Any disturbance of a soil proflle can significantly
change its inflltration characteristics. With urbaniza
tion, native soil proflles may be mixed or removed or
fill material from other areas may be introduced.
Therefore, a method based on soil texture is given in
appendix A for determining the HSG classification for
disturbed soils.

(210-VI-TR-55, Second Ed., June 1986) 2-1



Chapter 2

Table 2-2a

Estimating Runoff

Runoff cwve numbers for urban areas l!

Technical Release 55
Urban Hydrology for Small Watersheds

----------- Cover description ----------
Curve numbers for

--hydrologic soil group---

Cover type and hydrologic condition

Fully developed urban areas (vegetation established)

Average percent
impervious area 21 A B C D

Open space (lawns, parks, golf courses, cemeteries, etc.) at:
Poor condition (grass cover < 50%) .
Fair condition (grass cover 50% to 75%) .
Good condition (grass cover> 75%) .

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ..
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) .
Paved; open ditches (including right-of-way) .

I Gravel (including right-of-way) .
Dirt (including right-of-way) .

Western desert urban areas:
Natural desert landscaping (pervious areas only) .lI , .
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ..

Urban districts:
Commercial and business .
Industrial ..

Residential districts by average lot size:
1/8 acre or less (town houses) .
1/4 acre .
1/3 acre ..
1/2 acre .
1 acre ..
2 acres ..

Developing urban areas

..&- 79 86 89
49 69 79 84
39 61 74 80

98 98 98 98-
98 98 98 98
83 89 92 93
76- 85 89 91
72 82 87 89

63 77 85 88

96 96 96 96

85 89 92 94 95
72 81 88 91 93

65 77 85 90 92
38 61 75 83 87
30 57 72 81 86
25 54 70 80 85
20 51 68 79 84
12 46 65 77 82

Newly graded areas
(pervious areas only, no vegetation) QI 0'_0_ _ _._

Idle lands (CN's are determined using cover types
similar to those in table 2-2c).

77 86 91 94

1 Average runoff condition, and I. = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN's. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN's for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN's shown are equivalent to those of pasture. Composite CN's may be computed for other combinations of open space
cover type.

4 Composite CN's for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN's are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN's to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN's for the newly graded pervious areas.

(21O-VI-TR-55, Second Ed., June 1986) 2-6



Figure B-2 Approximate geographic boundaries for NRCS (SCS) rainfall distributions

Type J

CJ Type JA

CJ Type U

CJ Type JU

Rainfall data sources
This section lists the most current 24-hour rainfall data
published by the National Weather Service (NWS) for
various parts of the country. Because NWS Technical
Paper 40 (TP-40) is out of print, the 24-hour rainfall
maps for areas east of the 105th meridian are included
here as figures B-3 through B-B. For the area generally
west of the 105th meridian, TP-40 has been superseded
by NOAA Atlas 2, the Precipitation-Frequency Atlas of
the Western United States, published by the National
Ocean and Atmospheric Administration.

East of l05th meridian
Hershfield, D.M. 1961. Rainfall frequency atlas of the
United States for durations from 30 minutes to 24
hours and return periods from 1 to 100 years. U.S.
Dept. Commerce, Weather Bur. Tech. Pap. No. 40.
Washington, DC. 155 p.

West of l05th meridian
Miller, J.F., R.H. Frederick, and R.J. Tracey. 1973.
Precipitation-frequency atlas of the Western United
States. Vol. I Montana; Vol. II, Wyoming; Vollll, Colo
rado; Vol. IV, New Mexico; Vol V, Idaho; Vol. VI, Utah;
Vol. VII, Nevada; Vol. VIll, Arizona; Vol. IX, Washing
ton; Vol. X, Oregon; Vol. Xl, California. U.S. Dept. of

Commerce, National Weather Service, NOAA Atlas 2.
Silver Spring, MD.

Alaska
Miller, John F. 1963. Probable maximum precipitation
and rainfall-frequency data for Alaska for areas to 400
square miles, durations to 24 hours and return periods
from 1 to 100 years. U.S. Dept. of Commerce, Weather
Bur. Tech. Pap. No. 47. Washington, DC. 69 p.

Hawaii
Weather Bureau. 1962. Rainfall-frequency atlas ofthe
Hawaiian Islands for areas to 200 square miles, dura
tions to 24 hours and return periods from 1 to 100
years. U.S. Dept. Commerce, Weather Bur. Tech. Pap.
No. 43. Washington, DC. 60 p.

Puerto Rico and Virgin Islands
Weather Bureau. 1961. Generalized estimates ofprob
able maximum precipitation and rainfall-frequency
data for Puerto Rico and Virgin Islands for areas to 400
square miles, durations to 24 hours, and return periods
from 1 to 100 years. U.S. Dept. Commerce, Weather
Bur. Tech. Pap. No. 42. Washington, DC. 94 P.

B-2 (210-VI-TR-55, Second Ed., June 1986)



Appendix A Hydrologic Soil Groups

Disturbed soil profiles

As a result of urbanization, the soil profile may be con
siderably altered and the listed group classification may
no longer apply. In these circumstances, use the follow
ing to determine HSG according to the texture of the
new surface soil, provided that significant compaction
has not occurred (Brakensiek and Rawls 1983).

Soils are classified into hydrologic soil groups (HSG's)
to indicate the minimum rate of infiltration obtained for
bare soil after prolonged wetting. The HSG's, which are
A, B, C, and D, are one element used in determining
runoff curve numbers (see chapter 2). For the conve
nience of TR-55 users, exhibit A-I lists the HSG classifi
cation of United States soils.

The infiltration rate is the rate at which water enters the
soil at the soil surface. It is controlled by surface condi
tions. HSG also indicates the transmission rate-the rate
at which the water moves within the soil. This rate is
controlled by the soil profile. Approximate numerical
ranges for transmission rates shown in the HSG defini
tions were first published by Musgrave (USDA 1955).
The four groups are defined by SCS soil scientists as
follows:

HSG

A

B

C

D

Soil textures

Sand loam sand or sand loam

Silt loam or loam

Sandy clay loam

Clay loam, silty clay loam, sandy clay, silty
clay, or clay

Group Asoils have low runoff potential and high infIl
tration rates even when thoroughly wetted. They consist
chiefly of deep, well to excessively drained sand or
gravel and have a high rate of water transmission
(greater than 0.30 inIhr).

Group Bsoils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately
deep to deep, moderately well to well drained soils with
moderately fme to moderately coarse textures. These
soils have a moderate rate of water transmission (0.15
0.30 inIhr).

Group Csoils have low infIltration rates when thor
oughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a
low rate of water transmission (0.05-0.15 inIhr).

Group Dsoils have high runoff potential. They have
very low infiltration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling poten
tial, soils with a permanent high water table, soils with a
claypan or clay layer at or near the surface, and shallow
soils over nearly impervious material. These soils have a"
very low rate of water transmission (0-0.05 inIhr).

In exhibit A-I, some of the listed soils have an added
modifier; for example, «Abrazo, gravelly." This refers to
a gravelly phase of the Abrazo series that is found in
SCS soil map legends.

Drainage and group D soils

Some soils in the list are in group D because of a high
water table that creates a drainage problem. Once these
soils are effectively drained, they are placed in a differ
ent group. For example, Ackerman soil is classified as
AID. This indicates that the drained Ackerman soil is in
group A and the undrained soil is in group D.

(210-VI-TR-55, Second Ed., June 1986) A-l
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Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPES-Contra Costa
County, California

Map Unit Description

Contra Costa County Tanaska Project Site

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 in this
report, 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 ()r 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,
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.

USDA Na1ural Resources
Conservation ServIce

Web Soil Survey 2.1
National Cooperative Soil Survey

2118/2009
Page 1 of 3



Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPES-Contra Costa
County, California

Contra Costa County Tanaska Project Site

Soils that have profiles that are almost alike make up a soil series. All the soils of
a series have major horizons that are similar in composition, thickness, and
arrangement. Soils of a given 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 ofthe 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.

Additional information about the map units described in this report is available in
other soil reports, which give properties of the soils and the limitations, capabilities,
and potentials for many uses. Also, the narratives that accompany the soil reports
define some of the properties included in the map unit descriptions.

Contra Costa County, California

DaC-DELHI SAND, 2 TO 9 PERCENT SLOPES

Map Unit Setting
Elevation: 10 to 150 feet
Mean annual precipitation: 12 to 14 inches
Mean annual air temperature: 59 degrees F
Frost-free period: 260 to 300 days

Map Unit Composition
Delhi and similar soils: 85 percent
Minor components: 15 percent

DA Natural Resources
Conservation Service

Web Soil Survey 2.1
National Cooperative Soil Survey

211812009
Page 2 013



Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPE5-Contra Costa
County, California

Contra Cosla County Tanaska Project Site

Description of Delhi

Setting
Landform: Flood plains, terraces, alluvial fans
Landform position (three-dimensional): Tread, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits derived from igneous and

sedimentary rock

Properties and qualities
Slope: 2 to 9 percent
Depth to restrictive feature, More than 80 inches
Drainage class: Somewhat excessivel drained
Capacity of the most limiting layer to transmit water (Ksat): High to

very high .95 to 19.98 In/hr)
Depth to water tatJie: More than 80 inches
Frequency of flooding: None
Frequency ofponding: None
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Available water capacity: Low (about 4.2 inches)

Interpretive groups
Land capability classification (irrigated): 3s
Land capability (nonirrigated): 6e

Typical profile
o to Inches Sand
5 to 60 inches Sand

Minor Components

Unnamed
Percent of map unit: 12 percent

Laugenour
Percent of map unit: 3 percent

Data Source Information

Soil Survey Area:
Survey Area Data:

USOA Natural Resources
Conservation Service

Contra Costa County, California
Version 8, Jul 22, 2008

Web Soil Survey 2.1
National Cooperative Soil Survey

2118/2009
Page 3 of3
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Owner: Radback Energy Computed By: C. Kantola
Plant: Oakley Generating-Station Unit: ;;;..;--;....Date: June 15A2010
Project No.: 163994 File No. 52.5406.1008 Verified By: t'l.-n/
Title: IMP Sizing for Plant Area Date: b /,,,, ); D
______________________Page: " bf i 't

IMP Sizing for Bioswale #1·2

Refer to Page 5, the total drainage area for bioswale #1-2 is measured to be: 491,168 ff
(11.28 ac). The bioswale is measured to be 1,323 feet long.

Six drainage management areas (DMA) were identified based on the type of ground covers:

(1) Equipment/Roofs; (2) Asphalt Pavement; (3) Gravel Surfacing; (4) Grass/Landscape; (5)

Transformer Containment; and (6) Open-Graded Aggregates (ACC Area).

The measured areas are shown in the following table. The measurements were made by
using AutoCAD.

DMAName Post-Project Surface Type DMA Area (ft<:)
DMA-1 Equipment/Roofs 54,900
DMA-2 Asphalt Pavement 65,113-
DMA-3 Gravel Surfacing 100,200
DMA-4 Grass/Landscape 198,264
DMA-5 Transformer Containment 4,491
DMA-6 Open-Graded Aggregates 68,200

Runoff Coefficients
Dense-graded aggregate (Caltran Class 2 aggregate) will be utilized as the materials for
aggregate surfacing. After being compacted, the dense-graded aggregate is estimated to
have a runoff coefficient of 0.5 to 0.7. See communications with Contra Costa County Clean
Water Program (Attachment 6). Use 0.6 in this calculation.

From Table 4-2 of the Stormwater C.3 Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treatment and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0. The "Open Graded
Aggregates" will have a runoff coefficient of 0.1. The "Transformer Containment" will have
no runoff since all the runoff will go to oil-water separator which discharges to the sanitary
sewer and will not be discharged on site.

Consequently,

(

DMA DMA JL Square x Runoff =(54,900x1+65,113x1+100.200xO.6+198.264xO.1+4,491xO+68,200xO.1)

Footage Factor

= 206,779 ff.
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IMP Sizing for Bioswale #3

Refer to Page 5, the total drainage area for bioswale #3 is measured to be: 25,711 ft2 (0.59

ac). The bioswale #3 is measured to be 187 feet long.

Three drainage management areas (DMA) were identified based on the type of ground

covers: (1) Equipment/Roofs; (2) Asphalt Pavement; and (3) Grass/Landscape.

The measured areas are shown in the following table. The measurements were made by
using AutoCAD.

DMA Name Post-Proiect Surface Tvpe DMA Area (ft")

DMA-1 Equipment/Roofs 3,873
DMA-2 Asphalt Pavement 2,086
DMA-3 Grass/Landscape 19,752

Runoff Coefficients
From Table 4-2 of the Stormwater C.3 Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treatment and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0.

Consequently,

(
DMA DMA]

L Square xRunoff =(3,873x1.0+2,086x1.0+19,752xO.1)

Footage Factor

=7,934 teo

IMP sizing factor =0.07 for the area (A) of bioswale; IMP sizing factor =0.058 for the

surfa?8 reservoir volume 011)' See Page 7.

Rain adjustment factor =0.901. See Page 7.

Minimum Area and Minimum Volume of IMP
Per Ref. 2, Equation 4-7, the required minimum area (A) of the bioswale is:

. (DMA DMA] (IMP ] (Rain ]Min. IMP Area A = L Square x Runoff x Sizing x Adjustment

. Footage Factor Factor Factor
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IMP Sizing for Bioswale #4

Refer to Page 5, the total drainage area for bioswale #4 is measured to be: 190,955 ft2

(4.38 ac). The bioswale #4 is measured to be 391 feet long.

Five drainage management areas (DMA) were identified based on the type of ground

covers: (1) Equipment/Roofs; (2) Asphalt Pavement; (3) Gravel Surfacing; (4)

Grass/Landscape; and (5) Transformer Containment.

The measured areas are shown in the following table. The measurements were made by
using AutoCAD.

DMA Name Post-Project Surface Type DMA Area (ft~)

DMA-1 EQuipment/Roofs 19,314
DMA-2 Asphalt Pavement 33,262
DMA-3 Gravel Surfacing 109,208
DMA-4 Grass/Landscape 23,692
DMA-5 Transformer Containment 5,479

Runoff Coefficients
From Table 4-2 of the Stormwater C.3 Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treatment and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0. The "Transformer
Containment" will have no runoff since all the runoff will go to oil-water separator which
discharges to the sanitary sewer and will not be discharged on site.

Use 0.6 for dense-graded aggregate surfacing (see Page 6).

ConsequentlyI

[

DMA DMA JL Square x Runoff =(19,314x1.0+33,262x1.0+1 09,208xO.6+23,692x0.1 +5,479xO)

Footage .Factor

= 120,470 ft2.

IMP sizing factor =0.07 for the area (A) of bioswale; IMP sizing factor =0.058 for the
surface reservoir volume 0/1)' See Page 7.

Rain adjustment factor =0.901. See Pag~ 7.



Owner: Radback Energy Computed By: C. Kantola
Plant: Oakley Generating Station Unit: -=-=- --:-~---.....;....Date: June 15.2010".
Project No.: 163994 File No. 52.5406.1008 Verified By: f LA.J
Title: IMP Sizing for Plant Area Date: b ''1

______________________,Page: 1\0 of I If

IMP Sizing for Bioswale #5

Refer to Page 5, the total drainage area for bioswale #5 is measured to be: 290,529 tr
(6.67 ac) (natural gas facility included). The bioswale #5 is measured to be 385 feet long

total.

Four drainage management areas (DMA) were identified based on the type of ground

covers: (1) Equipment/Roofs; (2) Asphalt Pavement; (3) Gravel Surfacing; and (4)

Grass/Landscape. I I. Y
, (. .;)

The measured areas are shown in the following table. The measurements were made by
using AutoCAD.

DMAName Post-Project Surface Type DMA Area (ft:l)
DMA-1 Equipment/Roofs 12670
DMA-2 Asphalt Pavement 25,905
DMA-3 Gravel Surfacing 186,725
DMA-4 Grass/Landscape 65,229

Runoff Coefficients
From Table 4-2 of the Stormwater C.3 Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treatment and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0.

Use 0.6 for dense-graded aggregate surfacing (see Page 6).

Consequently,

(
DMA DMA]

L Square x Runoff =(12,670x1.0+25,905x1.0+186,725xO.6+89,695xO.1)

Footage Factor .

=157,133tr.

IMP sizing factor =0.07 for the area (A) of bioswale; IMP sizing factor =0.058 for the
surface reservoir volume (V1). See Page 7.

Rain adjustment factor =0.901. See Page 7.
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Owner: Radback Computed By: J. Zhong
Plant: Tenaska Unit: 4 Date: March 4. 2009
Project No.: ...:..;16=3:.::9'.::"9...:..4_-:--- File No. £;>, S l.f(l{~, 10<)J Verified By: fz.-.v
Title: Stormwater Analysis Date: 7/btd
______________________,Page: b of:53

(}.o~ Uu..,.2.-) fl--,-; &/,6/,fJ < (~\L 2)
Roughness coefficient n =o~r "cultivated soils, residue cover)Z-20%". (Ref. 2, Table 3-

1) E"lC.stl"j c..,,~' .....,~.. S.f -c. h>"'''J. 1n.~", t
Co .J J b $' "'" /", I p\.- ~

Per Ref. 2, "After a maximum of 300 feet, sheet flow usually becomes shallow concentrated

flow". Use sheet flow length L = 300 feet. I ,

I, (, l~'i e\ it (/ f. 'q' {:ref'-

2-year, 24-hour rainfall P2 =,iinch for this site per Ref)5 (see Page 8 ).

The land slope for the first 300 feet = (24.2-21.5)/300 = 0.009 ft/ft. (Refer to Page~)

o.o~ (ru"t) (J;37 {f-~ /2)
",L 08

Thus T = 0.007 x (Q...l7 x 300) lfi
' sh t ~5 04 = O. hour.

ee ~ • x 0.009' f .. '
I./' [(J.~" 2) , ('; )

(2) Shallow Concentrated Flow

The flow length for shallow concentrated flow L = 1490-300 = 1190 feet.

The average watercourse slope = (21.5-5) / 1190 = 0.014 ftlft. (Refer to Page '5 )

Based on a slope of 0.014 ft/ft, from Ref. 2, Figure 3-1, the average velocity (V) for

"unpaved" surface is found to be:

V = 1.9 ftlsec.

Thus the travel time for shallow concentrated flow is calculated to be:

T - L = 1190 017 hour
shallow - 3600 x V = . .3600x1.9

In summary, the time of concentration is calculated to be:

Te = Tsheet + Tshallow + Tchannel

\ 7 ~6+0.17+0
l(l,.f-" 1.) 0.::' =~hour. , ., MV G/I;j)

0.5'-1 v-,.. (r,,;:, (.) f
Per Ref. 4, "For ungaged watersheds, the SCS suggests that the UH (unit hydrograph) lag

time may be related to the time of concentration, Te, as: T1ag = 0.6 Te ". See Page~.

The SCS UH lag time (Tlag) is an input parameter into the HEC-HMS computer program.

Thus

T1ag = 0.6 x~ = O;a~ hour = ~minutes.
o,5L{ "" 0.31'--( i..r ~ ii'-t M',... (lU-'1 1-.)--
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Section 2.0 Rainfall Distribution
From Ref. 2, Figure B-2, the rainfall distribution for the site in Contra Costa County,

California should be Type I distribution. .,) f l--N 'I ~lJ
r (1l.~\J." ,

3·:>
From Ref, 5, the 1OO-year 24-hour rainfall amount for the site is }inChes. (See Page 10)

Section 3.0 Determine the Composite SCS Curve Number
"SCS Curve Number" method was used in the HEC-HMS computer program to calculate the
loss rate for the drainage area.

The drainage area generally has four types of ground cover: (1) Vineyard, 19.85 acres; (2)
Gravel Pavement, 3.96 acres; (3) Railroad Yard, 0.94 acres; and (4) Wetland, 0.40 acres.
The total area of this drainage area is 25.15 acres (0,0393 mile2

). The measurements of the
above areas were made by using AutoCAD.

Based on the soil survey information from the US Department of Agriculture Natural
Resources Conservation Service (NRCS), the site in Contra Costa County, California is
covered by "Delhi Sand". See Attachment 4. From the description of "Delhi Sand" by
NRCS, this soil layer is "somewhat excessively drained"; the capacity of the most limiting
layer to transmit water is "high to very high (5.95 to 19.98 in/hr)". See Attachment 4. Per
Ref. 2, this type of soil can be classified as Hydrologic Soil Group A soil.

Per Ref, 2, Table 2-2b, the curve number (CN) for "Row Crops, straight row (SR) with crop
residue cover (CR)" for Group A soil is between 64 (good condition) and 71 (poor condition).
Use the average curve number 68 for the vineyard area.

Per Ref, 2, Table 2-2a, the curve number for gravel area for Group A soil is 76. The ground
cover in railroad yard is similar to the gravel area. Use the same curve number (76) for the
railroad yard.

Treat the wetland as an impervious area since it may have standing water in it. Per Ref. 2,
Table 2-2a, a curve number of 98 can be used for this area.

Thus the composite curve number (CN) for the drainage area is calculated as:

CN = (19.85 x 68 + 3,96 x 76 + 0.94 x 76 + 0.40 x 98) /25.15 = 70.
-

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
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includes water retained in surface depressions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) can be estimated to be:
la =0.2 S (Ref, 2, Eq, 2-2)

Where: S = 1000 -lO (Ref. 2, Eq. 2-4)
eN

Based on a composite CN of 70, the initial abstraction is calculated to be:

fa = 0.2x(lOO0/70-lO) =0.857 inct!.
-- ,

The "scs Curve Number" method also requires the input of "% impervious" in the computer
program. The impervious area consists of the roofs of a few small buildings in the
southwest portion of the drainage area. By using AutoCAD, the total roof area is measured
to be 0.17 acre. Thus,

% impervious = 0.17 / 25.15 = 0.68%, say 1%.

•

Section 4.0 Wetland Area versus Elevation
The bottom of the wetland is at an approximate elevation of 5 feet. See B&V Drawing SS
3001 (Page S). The relationship of Area versus Elevation for the wetland area was
presented in the table below. The wetland area was measured by using AutoCAD. It
should be noted that a small portion of the wetland at the east side within the project
property will be filled at a later time. This area will be graded at a 4 (H) to 1 (V) slope
towards the wetland. The area in the table below at Elevation 10 (1.44 acres) has already
had the future fill area been deducted to accurately model the wetland storage capacity.

Elevation (ft) Wetland Area (acre)

5.0 0.40

7.5 0.62

10.0 1.44

Section 5.0 HEC-HMS Output
The parameters determined in Sections 1.0 through 4.0 were input into the HEC-HMS
computer program. The outflow from the wetland is specified in the HEC-HMS program to
be 0 at all times (no outflow). The initial water elevation in the wetland is specified to be at
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Kantola, Craig

From: Jorge Hernandez Ohern@pw.cccounty.us]

Sent: Tuesday, May 18,20108:37 PM

To: Kantola, Craig

Cc: Teri Rie; Tim Jensen

Subject: RE: Flood Control Standards - Oakley, CA

Attachments: CCCo Isohyet Map-Low Color.pdf; 025yr-Low.pdf; 050yr-Low.pdf; 100yr-Low.pdf: 005yr-Low.pdf;
010yr-Low.pdf; Supplemental Detention Basin Design Guidelines.doc

Mr. Kantola,

1. Per your request we are emailing a copy of our standard Isohyet map to determine the
standard storm event.

2. For offsite conveyance of storm water runoff for an area less than l-sqaure mile, the design
storm event should be a 10-year event, however a detention/retention system should be able
to store at the very least the 100-year design storm event.

3. see attached supplemental for suggested design of on-site facilities. Ultimately, the City will
approve onsite facilities.

4. For the initial 100-year event, the assumption of an empty basin is acceptable, however a 10
year event after a recent 100-year occurrence should be analyzed. Additionally, the overland
release of the basin should be directed north, per the current drainage pattern and not
allowed to drain south to the existing inlet under the railroad crossing (bridge), which currently
is outside of your parcel's drainage area and does not have the capacity to convey additional
storm runoff.

If you have any additional question, you may contact me by either phone or email.

Thank you,

Jorge Hernandez
Staff Engineer

C:;pntraCos~a.'Cotinty

Flo~)(f;Control
& Water,en.-tvatiOn'DiStrict

255 Glacier Drive
Martinez, CA 94553-4897
Phone: (925) 313-2304
Fax: (925) 229-7955
A Division of the Public Works Department

-----
From: Kantola, Craig [mailto:KantolaCA@bv.com]
sent: Friday, May 14, 2010 10:21 AM
To: Jorge Hernandez
Subject: FW: Flood Control Standards - Oakley, CA

Jorge, .
Good afternoon, I have left you a voice mail responding to your call from Wednesday. Any information you may be able to
provide would be greatly appreciated. Please forward any design requirements for flood control in Contra Costa CoUnty

5/28/2010 )1



 

 

Stormwater Analysis for Wetland – Peak Flows 



~ BLACK &VEATCH
• Building aworld of diff9r9nc9~

CALCULATION RECORD
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Stormwater Analysis for Wetland - Peak Flows

1

163994

'3/

Calculation No./File No.:
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Objective To determine the peak flow rates to the wetland area for the pre-construction and post-construction

site conditions. The analysis compares pre-construction and anticipated post-construction ground conditions at the
site.
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Owner: Radback Computed By: C. Kantola
Plant: Oakley Generating Station Unit: ~ Date: June 17~201 0 ...
Project No.: 163994 File No. 52.5406.1007 Verified By: I't.-../
Title: Stormwater Analysis - Peak Flow to Wetland Date: (<II Vi4
______________________Page: ;;l of 31

Purpose
To determine the stormwater runoff peak flows entering the existing wetland at the Oakley
project site for storm events including the 1-inch rainfall, 10-year/24-hour storm, and 100
year/24-hour storm events. The analyses are performed for pre-construction and post

construction ground conditions at the project site.

References
1. Black & Veatch Drawing 163994-SS-3001, Rev. 1, "Grading & Drainage - Site"
2. US Department of Agriculture; Urban Hydrology for Small Watersheds, 2nd Edition;

Technical Release 55 (TR-55); June 1986.
3. US Army Corps of Engineers; Hydrologic Modeling System HEC-HMS, User's Manual,

Version 3.3; September 2008.
4. US Army Corps of Engineers; Hydrologic Modeling System HEC-HMS, Technical

Reference Manual; March 2000.
5. US Department of Commerce; NOAA Atlas 2, Precipitation-Frequency Atlas of the

Western United States, Volume XI - California; 1973.
6. US Department of Agriculture, Natural Resources Conservation Service; Web Soil

Survey; http://websoilsurvey.nrcs.usda.gov/applWebSoilSurvey.aspx. .
7. Mays, L. W.; Stormwater Collection Systems Design Handbook, McGraw-Hili; 2001.
8. Black & Veatch Calculation, "IMP Sizing for Plant Area", File No. 52.5406.1008 Rev 0,

Same project, June, 2010
9. Black & Veatch Calculation, "Stormwater Analysis", File No. 52.5406.1003 Rev 2, Same

project, June 2010
10. Black & Veatch Calculation, "Storm Sewer Pipe Design", File No. 52.5406.1005 Rev 0,

.Same project, April 2009 .

11. Black & Veatch Calculation, "Post-Construction Wetland - Volume and Water Surface
Elevation", File No. 52.5406.1006 Rev 0, Same project, June 2010

12. Ferguson,Bruce K., "Introduction to Stormwater", John Wiley & Sons, 1998
13. McCuen, Richard H., "Hydrologic Analysis and Design"; Prentice Hall, 1998
14. Contra Costa County Dept. of Public Works Maps; Mean Seasonal Isohyets Compiled

from Precipitation R~cords 1879-1973; Drawing No. B-166; December 1977;
Precipitation Duration-Frequency-Depth Curves (100-yr and 10-yr); Drawing Nos. B-159

and B-162; July 1977

Definition of Units and Constants
English units will be used.
Example of Common Unit Designations:

Rainfall amount in inches (in)
Drainage area in acres (ac)



Owner: Radback Computed By: C. Kantola
Plant: Oakley (Tenaska) Unit: Date: June 17, 2010
Project No.: 163994 File No. 52.54-0-6.-10-0-7------·Verified By: firrV
Title: Stormwater Analysis - Peak Flow to Wetland Date: bll'fJIO
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Attachments

1. HEC-HMS Input
2. HEC-HMS Output
3. Reference 2 - Select Pages
4. Reference 6 - Select Pages
5. Reference 8 - Select Pages
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8. Reference 12 - Select Page
9. Reference 7 - Select Page
10. Reference 13 - Select Page



Owner: Radback Computed By: C. Kantola
Plant: Oakley Generating Station Unit: ---'---~-----Dat~: .. June 10.2010
Project No.: 163994 File No. 52.5406.1007 Verified By: r~

Title: Stormwater Analysis - Peak Flow to Wetland Date: .G,II«jlq
______________________,Page: Lj of "'3 I

,",,,.0"/"

Summary"""
Based on the HEC-HMS analyses with current and proposed ground cover conditioo,("'the

.,;tfi"j;f'

stormwater runoff flow rates to the wetland will change due to the PJ·eposed site
construction. The pre-construction (existing) models determine flows tC?,..Jl1e'"wetland area
under undeveloped conditions. The post-construction models q~tetmine flows to the
wetland area for developed conditions, considering the effE;l,ots/ of the bioswales and
detention pond for peak flow attenuation. Below is a ~,l)n'fn;ary table showing the pre
construction and post-construction peak flow rates detE;lIrfilned by the HEC-HMS models.

.".•.,,,,,,/"/

S f R ff P aJ(1=1 R t W tl dummary 0 uno e ow ates 0 e an
/'

.pfi /"

;.1

Rainfall Pre-Construction PeaJ(Flow Rate Post-Construction Peak Flow Rate
Event to EXistilJg'W~tland to Existing Wetland

1-inch /",..//,··/·~.1 cfs 0.1 cfs

10-year //.,/;// 3.2 cfs 3.1 cfs
.,#'

,/
100Tyear 11.8 cfs 9.1 cfs
"../

.,( l "ftt~
1.iA-



Owner: Radback Computed By: C. Kantola
Plant:. Oakley Generating Station Unit:~_............_ ............_ ............-.--_Dat~:. September 14,201.0
Project No.: 163994 File No. 52.5406.1007 Verified By: j?1i~(
Title: Stormwater Analysis - Peak Flow to Wetland Date: 1}~!...;!d
_______________________Page: '-t", of t

Summary
Based on the HEC-HMS analyses with current and proposed ground cover conditions, the
stormwater runoff flow rates to the wetland will change due to the proposed site
construction. The pre-construction (existing) models determine flows to the wetland area
under undeveloped conditions. The post-construction models determine flows to the
wetland area for developed conditions, considering the effects of the bioswales and
detention pond for peak flow attenuation. Below is a summary table showing the pre
construction and post-construction peak flow rates determined by the HEC-HMS models.

Widff P k FI RfRSummary 0 uno ea ow ates to etan

Rainfall Pre-Construction Peak Flow Rate Post-Construction Peak Flow Rate
Event to Existing Wetland to Existing Wetland

1-inch 0.3 cfs 0.2 cfs

10-year 3.6 cfs 2.2 cfs

100-year 12.3 cfs 4.8 cfs

The peak flow rates to the wetland are reduced due to the installation of flow control devices
provided within the bioswales and detention basin, for stormwater treatment. Low-flow
orifices are provided to maintain hydration of the existing wetland during smaller storm
events.



Hydrology Modeling - HEC-HMS

Owner: Radback Computed By: C. Kantola
Plant: Oakley Generating Station Unit: Date: June 17, 2010
Project No.: 163994 File No. 52.5406.1007 Verified By: Pw
Title: Stormwater Analysis - Peak Flow to Wetland Date: b/I'Mf()
______________________,Page: S- of ') 1 /'"

,ir

//

/
I

For the runoff peak flow rate analysis, the entire site was modeled as one drainage are/for
I

the pre-construction (existing) condition (Reference 9) and separated into dist~in..ct d i9inage
areas for the post-construction (proposed) condition (bioswales, and direct run to pond
and wetland areas). See Page fa for the boundary delineation of these reas. The
drainage areas are summarized in the table below, with measureme9~ taken from
References 8 & 9 and also using AutoCAD./1'

/
/'

/'

Summary of Drainage Areas (in acres &square ,Allies)

Ground Existing Post-Construction s.~ Acreage
Cover Site Bioswale ** ,/ Direct to Direct to
Type Acreage* 1+2 3 4 / 5 Pond Wetland

Vineyard I
19.85 )// 1.93- - - -

Undisturbed

Gravel 3.96 2.30 - ;/2.51 3.35 - -
Railroad Yard 0.94 - - J - 0.94 - -

Wetland 0.40 - ~j/ - - - 0.40
Lawn (Poor

)~5Coverage - 4.55 0.54 1.50 0.85 -
<50%) /

I
;1

0.27
Impervious

iii

2.7&/ 0.14 1.21 0.88 0.13 (ex.
Surface *** -

,,""
,l roads)

,!'

Transformer /,/;/'0.10 0.12- - - - -
Contain ****

Open Graded _,i,l/i 1.57 -- - - -Aggregate

Total Acres: 35:'15 11.17 0.59 4.26 6.67 0.98 2.60

Total l/' 0.0393
0.0175 0.0009 0.0067 0.0104 . 0.0015 0.0041

(Sq. Mi.):,//' 0.0411 sq. mi. (Total Post-Construction)

* EXisting~ acreage as determined In BV Calc 52.5406.1003 (Ref 9)
** Post-coJstruction areas as determined in BV Calc 52.5406.1008 (Ref 8)
*** Impe.vious surface computed as sum of Equipment/Roofs + Pavement (from Calc 52.5406.1002)
**** T~sformerContainment area does not drain to Bioswales and is not included in total areas listed.

;//

1.t1'e stormwater runoff to the wetland for various storms was modeled by using a computer
/program, HEC-HMS version 3.3, developed by the US Army Corps of Engineers (Ref. 3).

/ . . .
J

5.tpUL'iM::,-0\::9 ~ ( ''fI~"
SJu fJ1 S A
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Hydrology Modeling - HEC-HMS

For the runoff peak flow rate analysis, the entire site was modeled as one drainage area for
the pre-construction (existing) condition (Reference 9) and separated into distinct drainage
areas for the post-construction (proposed) condition (bioswales, and direct runoff to pond
and wetland areas). See Page (., for the boundary delineation of these areas. The
drainage areas are summarized in the table below, with measurements taken from
References 8 & 9 and also using AutoCAD.

Summary of Drainage Areas (in acres & square miles)

* EXisting site acreage as determined In BV Calc 52.5406.1003 (Ref 9)

** Post-construction areas as determined in BV Calc 52.5406.1008 (Ref 8)
*** Impervious surface computed as sum of EquipmenVRoofs + Pavement (from Calc 52.5406.1002)

**** Transformer Containment area does not drain to Bioswales and is not included in total areas listed.

Ground Existing Post-Construction Site Acreage
Cover Site Bioswale ** Direct to Direct to
Type Acreage* 1+2 3 4 5 Pond Wetland

Vineyard I
19.85 1.93- - - -

Undisturbed

Gravel 3.96 2.30 2.51 2.87 0.1 -
Railroad Yard 0.94 - - 0.94 - -

Wetland 0.40
T""" 0.40- z - - -

Lawn (Poor 0
(/)

Coverage - 4.55 > 0.54 0.95 1.28 0.47
<50%) w

c:::
z 0.28

Impervious
2.75 0 1.21 1.32 0.30 (ex.-

Surface *** w
> roads)0

Transformer ~
- 0.10 w 0.12 - - -

Contain **** c:::
Open Graded

1.57- - - - -
Aggregate

Total Acres: 25.15 11.17 4.26 6.08 1.68 3.08

Total 0.0175 0 0.0067 0.0095 0.0026 0.0048
0.0393

(Sq. Mi.): 0.0411 sq. mi. (Total Post-Construction)
..

The stormwater runoff to the wetland for various storms was modeled by using a computer
program, HEC-HMS version 3.3, developed by the US Army Corps of Engineers (Ref. 3).

. . .



X
326.5

N

APPROX
ASPH

. AVG
BNO
BLDG

R6~H
BOO
BOP
BU
C
CB
CO
CHOPE

CL
CLR
CMH
CNO
CONC
CO
CS
CW
DB
OBC
OET
OIA
DIP
OWG
OWP
EC
ECC
EF
EHH
EL
EMH
EW
FC
FON
FF
FRP
GR
HOM
HOPE
HP
HYO
10
INV
JBX
L
LP

,6.
BM-l

1. COORDINATE
NGVO 29 O.
THE FLAGP(
DATUM ELE\
PHOTOGRAPI
ASSOCIATES

2. ~~~~~

3. ~~~%U1T~

4 SEE OWG S:
• AND OUlLEl

5 TOP OF COl
• EL 18.0. Fir

8. CL OF ALL

7, TREES TO F

8 TEMPORARY
• CONSTRucn

2'-0" .1

"'v1
00- Oc"i-\

'" ,:'>','),..,.,~H IJO, \,oJ y\\'

~.,p'" \ ~ ') I
,,1.. ~

I ~\P- "ll-
I rO\,)

N 2192000

.
r-I 21927:10

N 2'9~0Q0

/

c

o

C



o

o

'" 8.1 )( 8.1

,
S.10S1

'R... Jl.!ou..k. O ....t:J~7

f---.j.!JJ j>r~ a.t..~ I~3n..,
S1.f'i..~(;,. 100(

1'~J (.~ .f ~_

SEE NOTE 8

I

10I"---@OJ 2
~ sjOSI

N
«)



Owner: Radback Computed By: C. Kantola
Plant: Oakley Generating Station Unit:~__-:--:-....:-~~=Date: June 17),201 0
Project No.: 163994 File No. 52.5406.1007 Verified By: r....vvv
Title: Stormwater Analysis - Peak Flow to Wetland p~~e: 1 ~Iito
Section 1.0 - Determine the Time of Concentration (Tc) and Lag Time

For the pre-construction condition, the time of concentration of 0.54 hours (32.4 minutes)

and lag time of 19.4 minutes were determined in Reference 9 - see Attachment 6.

For the post-construction condition, the peak flow from the plant area to the wetland will be

most impacted by the peak runoff from the area draining through Bioswale 5. This is due to

the proximity of Bioswale 5 to the wetland and the runoff conditions from Bioswale 5 being

similar to the remainder of the plant. Bioswales 1+2 and 4 are routed through the detention

pond (which significantly reduces the peak flows through the outlet control structure) while

the drainage area for Bioswale 3 is relatively small and therefore contributes little flow.

Therefore the Tc and Lag Time for the area draining to Bioswale 5 will be determined and

applied to the model for all bioswale area drainage (Bioswales 1-5). Using the same Lag

Time for each bioswale area within the model will result in a conservative peak flow

determination from the plant area, since all areas into the bioswales are modeled to peak

concurrently.

Bioswale 5 (Post-Construction condition)

Time of concentration (Tc) can be calculated as:

Tc= Tsheet + Tshallow + Tchannel (Ref. 4, Eq. 6-11)

Where:

Tsheet = travel time in sheet flow to drainage basin;

Tshallow = travel time in shallow concentrated flow;

Tchannel =travel time in open channels.

The flow path from the hydraulically most distant point of this drainage area to the outlet

structure for Bioswale 5 is identified as shown on Page %
measured to be approximately 900 feet (using AutoCAD).

(1) Sheet Flow

Sheet flow travel time can be calculated as:

T
_ O.007(nL)0.s

sheet - 05 04 (Ref. 2, Eq. 3-3)
(li) . S .

Where:

n =roughness coefficient;

L =flow length (ft);

P2 =2-year, 24-hour rainfall (in);

s =land stope (ftIft).

The total flow length is
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Roughness coefficient n = 0.011 for "smooth surfaces (gravel)". (Ref. 2, Table 3-1)

Per Ref. 2, "After a maximum of 300 feet, sheet flow usually becomes shallow concentrated

flow". Therefore sheet flow length will be limited to a maximum of 300 feet. BV Drawing SS

3001 and AutoCAD data show that the ground slope for sheet flow can be separated into

two sections, each approximately 120 feet long. L =120 ft.

2-year, 24-hour rainfall P2 = 1.6 inch for this site per Ref. 5 (see Page '0 ).
The land slope for the first sheet flow section is from EL 20.80 to the 20.0 contour. This

slope is (20.8-20.0)/120 =0.0067 ftIft

Thus T = 0.007 x (0.01lx120)0.8 =0.051 hour =3.1 minutes for sheetflow 1.
'sheet 1.60.5 X 0.00670.4

The land slope for the second sheet flow section is from EL 20.0 to EL 17.7 at the edge of

the access road (data from AutoCAD). This slope is (20.0-17.7)/120 =0.0192 ftIft

Thus T = 0.007x(0.01lx120)0.8 =0.034 hour =2.0 minutes for sheetflow 2.
'sheet 1.60.5 X 0.0192°.4

The sum of sheet flow travel times is: Tsheet =3.1 min + 2.0 min =5.1 minutes

(2) Shallow Concentrated Flow

From AutoCAD, the flow length for shallow concentrated flow is measured as L =365 feet

from EL 17.7 to the top of bioswale 5 at EL 14.5.

The average watercourse slope =(17.7-14.5) /365 =0.0088 ftIft.

Based on a slope of 0.0088 ftIft, from Ref. 2, Figure 3-1, the average velocity (V) for

"unpaved" surface is found to be: V =1.5 ftIsec.

Thus the travel time for shallow concentrated flow is calculated to be:

T h II - L = 365 . =0.07 hour =4.2 minutes.
s a ow - 3600x V 3600x1.5
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Travel time for each portion of open channel flow is calcul/¢~d by
I

Tt (hours) = L where L = length of flow path (~t) and V = flow velocity (ftIsec)
3600xV /'

Length of flow path is measured from the site gra~g plan (R~fer to Page --.!.-J
For open channel flow, V is based on Man'nin(~' e~uation where V =1.49 X R 2

/
3 x,J;

I n

R is the hydraulic radius, defined as R =1' /,1 Area
jl WettedPerimeter

.i'f
if

For Bioswale 5 / Section 2 (a tra~~idal channel):

Area, A (trapezoidal channel) / =(10 ft + 25 ft)/2 x 2.5 ft =43.75 sf

Welled Perimeter, P (trap~al channel) =10 It + 2 X ~{2.5' +.(2.5 x 3)' ) =25.8 It

Hydraulic Radius, R = YP = 43.75 sf /25.8 ft = 1.7 ft
I'

(3) Open Channel Flow

Calculate open channel flow within the bioswales. There are two differing bioswale cross

sections in Bioswale 5 and Individual travel times for each section are calculated below.

From Reference 8, the bioswale cross-sections are shown below:

The bioswale can described as an earthen channel, straight & uniform with short grass

his corresponds to a Manning's In' =0.027 (Refer to Reference~.

The swale f m C16 to the point the swale turns north has a length L =175 ft and gra~e

from EL .0 to 11.5, the slope is calculated as (12.0 - 11.5) /175 =0.0029 ftIft

The r suiting full-flow velocity in the swale is V = 1.49 X 1.72
/
3 x .J0.0029 =4.2 ftIs

. 0.027

~_Dli ~(I'1I(",
SJF~

I)C; Ilk
I II
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(3) Open Channel Flow

Calculate open channel flow within the bioswales. The cross-section and travel time for

Bioswale 5 are calculated below. From Reference 8, the bioswale cross-section is shown

below:

10' 1,'

$tvt..&fI "Z.

Travel time for the portion of open channel flow is calculated by

Tt (hours) = L where L = length of flow path' (feet) and V = flow velocity (ftIsec)
3600xV

Length of flow path is measured from the site grading plan (Refer to Page ---.:L>
For open channel flow, V is 'based on Manning's equation where V = 1.49 X R 2

/
3 x.,J;

n

R is the hydraulic radius, defined as R = Area
WettedPerimeter

For Bioswale 5 1Section 2 (a trapezoidal channel):

Area, A (trapezoidal channel) =(10 ft + 25 ft)/2 x 2.5 ft =43.75 sf

Wetted Perimeter, P (trapezoidal channel) = 10ft + 2 X ~(2.52 + .(2.5 x 3y) = 25.8 ft'

Hydraulic Radius, R = AlP = 43.75 sf 125.8 ft = 1.7 ft

The bioswale can be described as an earthen channel, straight & uniform with short grass

and few weeds. This corresponds to a Manning's 'n' =0.027 (Refer to Reference :J...J.

The swale from C16 to the basin has a length L = 75 ft and grade from EL 12.0 to 11.8, the

slope is calculated as (12.0 - 11.8) 175 = 0.0027 ftIft

The resulting full-flow velocity in the swale is V = 1.49 x 1.72
/
3 x .J0.0027 = 4.1 ftIs

0.027
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Thus the travel time for open channel flow in this swale section is calculated to be:

L 175 .
Topen = = =0.011 hour =0.7 minutes

3600x V 3600x4.2

For Bioswale 5 1Section 2a (a trapezoidal channel):

Area, A (trapezoidal channel) =(8 ft + 29 ft)/2 x 3.5 ft =64.1

Wetted Perimeter, P (trapezoidal channel) =8 ft + 2 X 3.5 2 +.(3.5/"" Y
Hydraulic Radius, R =AlP = 64.75 sf 130.1 ft =,.:t."15 ft

4,;/l
.,;t",r:

l'Manning's 'n' =0.027 as noted above. /
i l

l'
The swale from the point the swale turns north to OS-5,'" length L = 120 ft and grade from

EL 11.5 to 11.0, the slope is calculated as (11.5 - 11t6) 1120 =0.0042 ftlft
l

The resulting full-flow velocity in the swale is V ~/"1.49 X 2.15 2
/
3 x.J0:0042 =6.0 ftls

, 0.027
,I
"Thus the travel time for open channel flow ih' this swale section is calculated to be:

. ",l;

L 120 " .
Topen = = 7iO.006 hour =0.4 minutes

3600x V 3600x 6.0.l
./

tf

The sum of open channel flow tr;&el times is: Topen =0.4 min + 0.7 min =1.1 minutes
I

./
In summary, the time of co')lentration is calculated to be:

Te=Tsheet + Tsha74 Tehannel =5.1 min + 4.2 min + 1.1 min =10.4 minutes.

t .
Per Ref. 4, "For ul~gaJed watersheds, the SCS suggests that the UH (unit hydrograph) lag

time may be relate 0 the time of concentration, Te, as: T'ag = 0.6 Te". See Page V3 .
The SCS UH lag, me (T1ag) is an input parameter into the HEC-HMS computer program.

Thus T'ag =O.¢'x 10.4 =6.2 minutes; (use 6 minutes in model for Bioswale areas). .,
'/'

/

The areas'aining directly to the pond and wetland areas have significantly different runoff
character.' tics than the main plant, therefore a different Lag Time is used in the model.
Since e drainage areas are small, the times of concentration will be very short. Per
Refe[ nce 10, use a minimum starting Tc in drainage basin of 0.1 hr.

us model input for the direct runoff to the pond and wetland areas can be determined:

Tc =O. ~ hr = 6 minu~es and T1ag =0.6 x 6 =3.6 minutes

5""~X~~ '(\'11\1)
~ (11)t:r
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Thus the travel time for open channel flow in this swale section is calculated to be:

T = L = 75 = 0.005 hour = 0.3 minutes
open 3600 X V 3600 X 4.1

In summary, the time of concentration is calculated to be:

Te= Tsheet + Tshallow + Tehannel = 5.1 min + 4.2 min + 0.3 min= 9.6 minutes.

Per Ref. 4, "For ungaged watersheds, the SCS suggests that the UH (unit hydrograph) lag

time may be related to the time of concentration, Te, as: T1ag = 0.6 Te". See Page \3 .

The SCS UH lag time (T1ag) is an input parameter into the HEC-HMS computer program.

Thus T1ag = 0.6 x 9.6 = 5.8 minutes; (use 6 minutes in model for Bioswale areas).

The areas draining directly to the pond and wetland areas have significantly different runoff

characteristics than the main plant, therefore a different Lag Time is used in the model.
Since the drainage areas are small, the times of concentratio.n will be very short. Per

Reference 10, use a minimum starting Tc in drainage basin of 0.1 hr.

Thus model input for the direct runoff to the pond and wetland areas can be determined:

Tc = 0.1 hr = 6 minutes and T1ag = 0.6 x 6 = 3.6 minutes
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Chapter 6 Modeling Direct Runoffwith HEC-HMS

UH can be found from the dimensionless fonn, which is included in HEC-HMS,
by multiplication.

( \
I \
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I \

/ \
~

V ~
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Figure 6-2. SCS unit hydrograph

Estimating the SCS UH Model Parameters

The SCS UH lag can be estimated via calibration, using procedures described in
Chapter 9, for gaged headwater subwatersheds.

For ungaged watersheds, the SCS suggests that the UH lag time may be related to
time of concentration, tc, as:

( 6-10)

Time of concentration is a quasi-physically based parameter that can be
estimated as

( 6-11 )

( 6-12 )

where tsheel = sum of travel time in sheet flow segments over the watershed land
surface; tshallow = sum of travel time in shallow flow segments, down streets, in
gutters, or in shallow rills and rivulets; and tchannel = sum of travel time in channel
segments.

Identify open channels where cross section infonnation is available. Obtain cross
sections from field surveys, maps, or aerial photographs. For these channels,
estimate velocity by Manning's equation:

CR 2/3 S1I2
V=---

n

where V= average velocity; R = the hydraulic radius (defmed as the ratio of
channel cross-section area to wetted perimeter); S = slope of the energy grade

59
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Section 2.0 - Rainfall Distribution
From Ref. 2, Figure B-2, the rainfall distribution for the site in Contra Costa County,

California should be Type I distribution.

From Ref 14 the 24-hour rainfall amounts for the site are' (See Pages \5 oL 1'- ),
Storm Event 100-year 10-year Small event*

Rainfall 3.9 in. 2.6 in. 1.0 in.

* A smaller ''typIcal'' ram event of0.75-1.0 mch was requested to be modeled by CEC

Section 3.0 - Determine Composite SCS Curve Number, Initial Abstraction & Impervious %
"SCS Curve Number" method was used in the HEC-HMS computer program to calculate the

loss rate for the drainage area. The SCS Curve Number (CN), Initial Abstraction (Ia) and
Impervious % for the pre-construction site were determined in Reference 9 - see
attachment 5.

B'ased on the soil survey information from the US Department of Ag'riculture Natural

Resources Conservation Service (NRCS), the site in Contra Costa County, California is
covered by "Delhi Sand". See Attachment 4. From the description of "Delhi Sand" by
NRCS, this soil layer is "somewhat excessively drained"; the capacity of the most limiting

layer to transmit water is "high to very high (5.95 to 19.98 in/hr)". See Attachment 4. Per
Ref. 2, this type of soil can be classified as Hydrologic Soil Group A soil.

The proposed site drainage areas as determined earlier are summarized below, with

individual CN values assigned to each type of ground cover (for Oroup A soils). CN values
are based on Reference 2, Tables 2-2a and 2-2b.

For the pre-construction condition, the SCS Curve Number (CN =70), Initial Abstraction (Ia

=0.857) and Impervious (% =) were determined in Reference 9 - see Attachment 6.
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Bioswale 1+2 (Post-Construction)

SCSCN //
(Group A Proposed Site

~AGround Cover Type Soil) Acreage, A

Gravel 76 2.30 ac. / 174.8
Lawn (Poor Coverage <50%) 68 4.55 ac. ,/ 309.4

/

Impervious Surface 98 2.75 ac. /' 269.5

Open Graded Aggregate 68 1.57 ac;/ 106.76

Total 11.1y-ac. 860.46

Composite CN =860.46/11.17 717
/

The "SCS Curve Number" method also requires the inetlof initial abstraction (initial loss) in
the computer program. The initial abstraction accou~ for all losses before runoff begins. It
includes water retained in surface depress~s, water intercepted by vegetation,

evaporation, and infiltration (Ref. 2). / .

The initial abstraction (Ia) ?an be estim~ to be:
. I 1000

la =0.2 S (Ref. 2, Eq. ~~ Where: S =---1 0 (Ref. 2, Eq. 2-4)
/ eN

/
/

Based on a composite CN OVh, the initial abstraction is calculated to be:
I

fa =0.2x(l000/1J/-10) =0.597 inch.
,/

The "SCS Curve N,I1~'ber" method also requires the input of "% impervious" in the computer
"program.' Refe nce 3 states that "the composite curve number should not include any

impervious ar: a that will be specified separately as- the percentage of impervious area". As
computed ove, the impervious areas are factored into the CN for the drainage area and
therefor the value for Impervious % would not include those areas. An allocation of 1%
impe 10US area is input into the model to allow for a small increase in impervious areas
dur::o g final design.
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Bioswale 1+2 (Post-Construction): Curve Number (CN) and Impervious Area

SCSCN
HMS Subbasin: - 1+2CN (Group A Proposed Site

Ground Cover Type Soil) Acreage, A CNxA

Gravel 76 2.30 ac. 174.8

Lawn (Poor Coverage <50%) 68 4.55 ac. 309.4

Impervious Surface not directly
connected (75% x 2.75 ac. Total) 98 2.06 ac. 202.1

Open Graded Aggregate 68 1.57 ac. 106.76

Total 10.48 ac. 793.1

Composite CN =793.1 /10.48 =76

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
includes water retained in surface depressions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

The initial abstraction (la) can be estimated to be:

la =0.2 S (Ref. 2, Eq. 2-2) Where: S= 1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on the composite CN, the initial abstraction is calculated to be:

1a =0.2x(1000/76-10) = 0.632 inch.

Impervious % =0 (all directly connected impervious modeled separately, see below)

A separate subbasin was created to model the area of impervious surface that could be
considered directly connected to the storm drainage system. Upon review of the surfacing
plan for the site, it is estimated that 25% of the impervious areas contributing to Bioswale
1+2 are located sufficiently close to storm catch basins and swales to be considered directly
connected. This area is modeled as subbasin "_1+2 Imp".

2.75 acres impervious x 0.25 directly connected =0.69 ac =0.0011 sq. mi.

Impervious % =100%
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Bioswale 3 (Post-Construction) //
SCSCN

~~XA(Group A Proposed Site
Ground Cover Type Soil) Acreage, A /

Lawn (Poor Coverage <50%) 68 0.45 ac. / 30.6
Impervious Surface 98 0.14 a7" 13.7

Total 0.5JYac. 44.3
Composite CN =44.3/ 0.59 =.75

/'
/

The "SCS Curve Number" method also requires the ir}Ptlt of initial abstraction (initial loss) in
the computer program. The initial abstraction acc~s for all losses before runoff begins. It
includes water retained in surface depres~ons, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2). // -V ()

/ ()J
The initial abstraction (Ia) 'can be estima~ to be:

,..(1 1000
la = 0.2 S (Ref. 2, Eq. 2-..L) Where: S =---10 (Ref. 2, Eq. 2-4)

/1 C7lV
. /

/ .

Based on a composite CN ofn, the initial abstraction is calculated to be:

1a =0.2x(1000/7~10) =0.667 inch.
/'

/'
The "SCS Curve N~ber" method also requires the input of "% impervious" in the computer
program. R~fer ce 3 states that "the composite curve number should not include any
impervious ar that will be specified separately as the percentage of impervious area". As
computed a ove, the impervious areas are factored into the CN for the drainage area and
therefor~e value for Impervious % would not include those areas. An allocation of 1%
imperv' us area is input into the model to allow for a small increase in impervious areas
duri final design.
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Bioswale 4 (Post-Construction)

SCSCN "~/
(Group A Proposed Site ,;"

I'

Ground Cover Type Soil) Acreage, A CNd~(A.-
Gravel 76 2.51 ac. :l"1'90.8

Lawn (Poor Coverage <50%) 68 0.54 ac. ",Ii' 36.7

Impervious Surface 98 1.21 ac. ,,,I" 118.6

Total 4.26 ac. ""l" 346.1

Composite CN =346.1 I 4.26 =81 ,l'"
,~-jt'

"p

,,~j'

The "SCS Curve Number" method also requires the input ~Jinlitial abstraction (initial loss) in
the computer program. The initial abstraction accounts (pr'alliosses before runoff begins. It
includes water retained in surface depression~lil"water intercepted by vegetation,
evaporation, and infiltration (Ref. 2). .

"ili.!

The initial abstraction (Ia) can be estimated t,0'i~e:
'i/"

!J '>I",V'${ti .. J. '1/('1/ 111

w(?~ /1 A-

la =0.2 S (Ref. 2, Eq. 2-2),.// i' Where: S =1000 -10 (Ref. 2, Eq. 2-4)
i'P' eN

I/'illr"

Based on a composite CN of 77~'the initial abstraction is calculated to be:

1a =0.2x(l000/81AO) =0.469 inch.
ll'

or
i'

The "SCS Curve N~ber" method also requires the input of "% impervious" in the computer

program. Refero/lce 3 states that "the composite curve number should not include any
impervious are that will be specified separately as the percentage of impervious area". As
computed a ve, the impervious areas are factored into the CN for the drainage area and
therefore e value for Impervious % would not include those areas. An allocation of 1%
impervi us area is input into the model to allow for a small increase in impervious areas
duri final design.

/
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Bioswale 4 (Post-Construction): Curve Number (CN) and Impervious Area)

SCSCN
HMS Subbasin: _4CN (Group A Proposed Site
Ground Cover Type Soil) Acreage, A CNxA

Gravel 76 2.51 ac. 190.8

Lawn (Poor Coverage <50%) 68 0.54 ac. 36.7

Impervious Surface not directly
connected (75% x 1.21 ac. Total) 98 0.91 ac. 88.9

Total 3.96 ac. 316.4

Composite CN =316.4 I 3.96 =80

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
includes water retained in surface depressions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) can be estimated to be:

la =0.2 S (Ref. 2, Eq. 2-2) Where: S = 1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on the composite CN, the initial abstraction is calculated to be:

1a =0.2x(1000/80-1O) =0.500 inch.

Impervious % =0 (all directly connected impervious modeled separately, see below)

A separate subbasin was created to model the area of impervious surface that could be
considered directly connected to the storm drainage system. Upon review of the surfacing
plan for the site, it is estimated that 25% of the impervious areas contributing to Bioswale 4
are located sufficiently close to storm catch basins and swales to be considered directly
connected. This area is modeled as subbasin "_4 Imp".

1.21 acres impervious x 0.25 directly connected =0.30 ac =0.0005 sq. mi.

Impervious % =100%
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Bioswale 5 (Post-Construction) /'/
SCSCN

V:NXA(Group A Proposed Site
Ground Cover Type Soil) Acreage, A

1

Gravel 76 3.35 ac. I' 254.6,/'
Railroad Yard (similar to gravel) 76 0.94 ac.§,1/ 71.4

Lawn (Poor Coverage <50%) 68 1.50¢. 102
Impervious Surface 98 O.~ac. 86.2

Total /5.67 ac. 514.2

Composite CN =514.2 I 6.~'=77
I

The "SCS Curve Number" method also requires th~~put of initial abstraction (initial loss) in
the computer program. The initial abstraction ac06unts for all losses before runoff begins. It

I'

includes water retained in surface depr~Ssions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).,/'

l
"l

~//'

Where: S = 1000 -10 (Ref. 2, Eq. 2-4)
eN

la =0.2 S

The initial abstraction (Ia) can be estirl}sfed to be:
. 1//

1

(Ref. 2, Eq,f~-2)
/'

.i/'/
..'"

Based on a composite C~l6{77, the initial abstraction is calculated to be:

1a =0.2x(l00gi/77-10) =0.597 inch.
/f'

l"
I'

The "SCS Curv~kJumber" method also requires the input of "% impervious" in the computer
program~ R~~'rence 3 states that "the composite curve number should not include any
impervi,~,,4-ea that will be specified separately as the percentage of impervious area". As
comput~ above, the impervious areas are factored into the CN for the drainage area and
theref re the value for Impervious % would not include those areas. An allocation of 1%
im rvious area is input into the model to allow for a small increase in impervious areas

ring final design.
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Bioswale 5 (Post-Construction): Curve Number (CN) and Impervious Area)

SCSCN
HMS Subbasin: -5eN (Group A Proposed Site
Ground Cover Type Soil) Acreage, A CNxA

Gravel 76 2.87 ac. 218.1

Railroad Yard (similar to gravel) 76 0.94 ac. 71.4

Lawn (Poor Coverage <50%) 68 0.95 ac. 64.6

Impervious Surface not directly
connected (50% x 1.32 ac. Total) 98 0.66 ac. 64.7

Total 5.42 ac. 418.8

Composite CN =418.8/5.42 =77

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
includes water retained in surface depressions, water intercepted by vegetation,
evaporation, and infiltration (Ref. 2).

The initial abstraction (la) can be estimated to be:

la =0.2 S (Ref. 2, Eq. 2-2) Where: S = 1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on the composite CN, the initial abstraction is calculated to be:

1a =0.2x(l000/77-1O) =0.597 inch.

Impervious % =0 (all directly connected impervious modeled separately, see below)

A separate subbasin was created to model the area of impervious surface that could be
considered directly connected to the storm drainage system. Upon review of the surfacing
plan for the site, it is estimated that 50% of the impervious areas contributing to Bioswale 5
are located sufficiently close to storm catch basins and swales to be considered directly
connected. This area is modeled as subbasin "_Simp".

1.32 acres impervious x 0.50 directly connected =0.66 ac =0.0010 sq. mi.

Impervious % =100%
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gypp /
//

The initial abstraction (la) can be estimated to t>I
/ 1000

la =0.2 S (Ref. 2, Eq. 2-2) / Where: S =---10 (Ref. 2, Eq. 2-4), ,eN
/~

Based on a composite CN of 77, ~initial abstraction is calculated to be:

1a =0.2x(l000/72-!91=0.778 inch.

/1
The "SCS Curve Numb¢' method also requires the input of "% impervious" in the computer
program. Referencji'3 states that "the composite curve number should not include 'any
impervious area tp6t will be specified separately as the percentage of impervious area". As
computed abo ,the impervious areas are factored into· the CN for the drainage area and

therefore th value for Impervious % would not include those areas. An allocation of 1%

impervio area is input into the model to allow for a small increase in impervious areas
durin mal design.

evaporation, and infiltration (Ref. 2).

Direct to Pond (Post-Construction)

SCSCN L(Group A Proposed Site
Ground Cover Type Soil) Acreage, A

Lawn (Poor Coverage <50%) 68 0.85 ac. // 57.8

Impervious Surface 98 0.13 ac. / 12.74

Total 0.98 ac. / 70.54

Composite CN =514.2/6.67 =72 /

The "SCS Curve Number" method also requires the inp52~;'abstraction (initial loss) in
the computer program. The initial abstraction accounts for. II losses before runoff begins. It
includes water retained in surface de ressions ater interce ted b ve etation,

,S;J/.ustJ.eJ '/''1/'0

54 f27 lIlt
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Direct to Pond (Post-Construction): Curve Number (CN) and Impervious Area)

SCSCN
HMS Subbasin: - PondCN (Group A Proposed Site

Ground Cover Type Soil) Acreage, A CNxA

Lawn (Poor Coverage <50%) 68 1.28 ac. 87.0

Gravel 76 0.1 ac. 7.6

Impervious Surface not directly
connected (75% x 0.30 ac. Total) 98 0.23 ac. 22.5

Total 1.61 ac. 116.7

Composite CN =116.7 /1.61 =73

The "SCS Curve Number" method also requires the input of initial abstraction (initial loss) in
the computer program. The initial abstraction accounts for all losses before runoff begins. It
includes water retained in surface depressions, water intercepted by vegetation,
"evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) can be estimated to be:

la =0.2 S (Ref. 2, Eq. 2-2) Where: S= 1000 -10 (Ref. 2, Eq. 2-4)
eN

Based on the composite CN, the initial abstraction is calculated to be:

1a =0.2x(l000/73-10) =0.740 inch.

Impervious % =0 (all directly connected impervious modeled separately, see below)

A separate subbasin was created to model the area of impervious surface that could be
considered directly connected to the storm drainage system. Upon review of the surfacing
plan for the site, it is estimated that 25% of the impervious areas contributing directly to the
Pond are located sufficiently close to storm catch basins and swales to be considered

" '

directly connected. This area is modeled as subbasin "_Pond Imp".

0.30 acres impervious x 0.25 directly connected =0.08 ac =0.0001 sq. mi.

Impervious % =100%



Owner: Radback Computed By: C. Kantola
Plant: OakleyGenerating.Station Unit: Date: June 17, 2010
Project No.: 163994 File No. 52.5406.1007 Verified By: I''--v
Title: Stormwater Analysis - Peak Flow to Wetland Date: ~I/(;;/()
______________________Page: ~a of 3/

Direct to Wetland (Post-Construction)

S = 1000 -10 (R f 2 E 2-4)e. , q.eN(Ref. 2, Eq. 2-2)la =0.2 S

The uSCS Curve Number" method also requires the input of !1l1tial abstraction (initial loss) in
the computer program. The initial abstraction accounts for,afi losses before runoff begins. It

I
includes water retained in surface depressions, J'ater intercepted by vegetation,
evaporation, and infiltration (Ref. 2). 1/

The initial abstraction (Ia) can be estimated to be:

SCSCN /",1

(Group A Proposed Site l

"l
Ground Cover Type Soil) Acreage, A /CNxA

Wetland 98 0.4 ac. ./ 39.2

Impervious Surface 98 0.27 ac. / 26.5

Vineyard I Undisturbed Area 68 1.93 ac. / 131.2

Total 2.6 ac./ 196.9

Composite CN =196.9 I 2.6 =76 /
/

Based on a composite CN of 77, the ini 'al abstraction is calculated to be:

1a =0.2x(l000/76-10) =032 inch.

Impervious % =1% (COnsisten~ other drainage areas)

A summary of the pre-~t,construction basin parameter values determined above and
input into the HEC-HMS odel are included in the table below: .

/Area Composite Initial Impervious Lag Time
Condition I (sq. mi.) CN Abstraction (in) % (min)

Pre-Constru~iop'

Entire Site/ 0.0393 70 0.857 1 19.4

Post-Consttiction

Bioswaje 1-2 0.0175 77 0.597 1 6.0

Bios)Nale 3 0.0009 75 0.667 1 6.0

Bi1swale4 0.0067 81 0.469 1 6.0

jiJ'ioswale 5 0.0104 77 0.597 1 6.0

~irect to Pond 0.0015 72 0.778 1 3.6

pirect to Wetland 0.0041 76 0.632 1 3.6
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Direct to Wetland (Post-Construction): Curve Number (CN) and Impervious Area)

SCSCN

HMS Subbasin: - Wet/andCN (Group A Proposed Site

Ground Cover Type Soil) Acreage, A CNxA

Wetland 98 0.4 ac. 39.2

Impervious Surface 98 0.28 ac. 27.4

Vineyard I Undisturbed Area 68 1.93 ac. 131.2

Lawn (Poor Coverage <50%) 68 0.47 ac. 32.0

Total 3.08 ac. 229.8

Composite CN =229.8/ 3.08 =75

The "scs Curve Number" method also requires the input of initial abstraction (initial loss) in

the computer program. The initial abstraction accounts for all losses before runoff begins. It

includes water retained in surface depressions, water intercepted by vegetation,

evaporation, and infiltration (Ref. 2).

The initial abstraction (Ia) can be estimated to be:

la =0.2 S (Ref. 2, Eq. 2-2) Where: S =1000 -10 (Ref. 2, Eq. 2-4)eN
Based on the composite CN, the initial abstraction is calculated to be:

fa =0.2x(l000/75-10) =0.667 inch.

Impervious % =0 (all impervious area not directly connected, factored in CN above)

Summary table for pre- and post-construction basin parameter values (HEC-HMS input):

Area Composite Imperv Lag Time

Condition (sq. mi.) CN la (in) % (min)

Pre: Entire Site 0.0393 70 0.857 2.6 19.4

Post: Bioswale 1+2 CN 0.0164 76 0.632 0 6.0

Post: Bioswale 1+2 Imp 0.0011 98 0.041 100 6.0

Post: Bioswale 4 CN 0.0062 80 0.500 0 6.0

Post: Bioswale 4 Imp 0.0005 98 . 0.041 100 6.0

. Post: Bioswale 5 CN 0.0085 77 0.597 0 6.0

Post: Bioswale 5 Imp 0.0010 98 0.041 100 6.0

Post: Direct to Pond CN 0.0025 73 0.740 0 3.6

Post: Direct to Pond Imp 0.0001 98 0.041 100 3.6

Post: Direct to Wetland 0.0048 75 0.667 0 3.6
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Section 4.0 - Elevation versus Area and Outflow Rate
The proposed pond and each bioswale provide volumetric storage for runoff and also~a
outlet control structure to limit flows entering the wetland area. The relationship of Eleva' n
versus Area and Elevation versus Discharge Flow Rate are used within the HEC MS
model to accurately determine flow rates within the system. For the bioswal~ , areal
measurements are based on the length of swale multiplied by the width of the stale. The
swale width at each elevation is based on the bottom width plus the width 'N,Jtt<3H:1V side
slopes for each depth (each 1-foot of depth increases the width by 6 feey(3 feet on each
side». //

For example, Sioswale 1-2 is 1,323 feet long, 2 foot wide at EL 12.~~ 3H:1V slopes.
Area at EL 12.5 =1,323 ft x 2 ft =2646 sf (0.06 ac) /1
Area at EL 13.0 =1,323 ft x [2 ft + (3 H:V x 0.5' depth x 2l (slope on both sides)]

=1,323 x 5 ft wide =6,615 sf (0.15 a;l'

/
Using the above method, Elevation vs Area tab;e~s,~ determined and included for each
Sioswale in the following pages. Each table includ . the elevation and area up to one foot
above the rim of the control structure. This i to consider the effects of flow into the
structure when water levels exceed the rim ele tion.

For purposes of determining elevation ver s discharge rate, the rim of the outlet structure is
modeled as a weir. Using the weir equ ion Q = C x L X H3

/
2 the flow rate at each elevation

can be determined by considering th head (H) above the weir (rim elevation). The length
of the weir is the circumference of e outlet structure which is dependent on the diameter of
pipe selected for the standpipe. =Circumference =Jl x diameter.

Thus for Sioswale 1-2, the e vation - discharge table can be determined:
Rim EL =15.5 (per: efe"rence 9)
Discharge at 0.1' ntervals can be determined:
At EL 15.6, H = 15.6 -15.5 = 0.1 ft

L =Jl x 24" (diameter) * 1 ft /12 in = 6.28 ft
C =3.1 (per Reference 12)
Q = 3.1 x 6.28 x 0.1 3

/
2 = 0.62 cis

Q = 3.1 x 6".28 x 0.23
/
2 = 1.74 cfs

Using th above method, Elevation vs Discharge tables are determined and included for
each S' swale in the following pages. Note that any orifices placed within the vertical barrel
of th standpipe will allow discharge prior to peaking over the rim elevation. For the
pur oses of this calculation the peak flow is determined without allowing orifice flow, to be
c nservative and maximize peak flows in the system.
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Section 4.0 - Elevation versus Area and Outflow Rate
The proposed pond and each bioswale provide VOlumetric storage for runoff and also have
an outlet control structure to control flows discharging to the wetland area. The relationship
of Elevation vs. Area and Elevation vs. Discharge Rate are used within the HEC-HMS model
to accurately model flow rates within the system. For the bioswales, areal measurements
are based on the length of swale multiplied by the width of the swale. The swale width at
each elevation is based on the bottom width plus the width with 3H:1V side slopes for each
depth (each 1-foot of depth increases the width by 6 feet (3' on each side».

For example, Bioswale 1-2 is 1,323 feet long, 2 foot wide at EL 12.5 and 3H:1V slopes.
Area at EL 12.5 = 1,323 ft x 2 ft = 2646 sf (0.06 ac)
Area at EL 13.0 = 1,323 ft x [2 ft + (3 H:V x 0.5' depth x 2 (slope on both sides)]

= 1,323 x 5 ft wide = 6,615 sf (0.15 ac)

Using the above method, Elevation vs Area tables are determined and included for each
Bioswale in the following pages:

For purposes of d~termining elevation versus discharge rate, orifice flow (low-flow orifices).
. and weir flow (overflow rim) are modeled. Using the orifice equation Q= C x A x "(2 g H)
and the weir equation Q = C x L X H3

/
2 the flow rate at each elevation can be determined by

considering the head (H) above the orifice (low-flow) and weir (rim elevation). The orifice
sizing is based on allowing the water quality flow rate generated by a 0.2 in/hr storm
intensity to pass with 1 foot of head, to maintain hydration of the wetland area. The length
of the weir is the circumference of the outlet structure (L = Circumference = 11 x diameter).

Thus for Bioswale 1-2, the elevation - discharge table can be determined:
Rim EL = 15.5, Bottom EL = 12.5 (per Reference 9)
Discharge at 0.1' intervals can be determined:
At EL 15.6, Orifice: H = 15.6 - 12.5 = 3.1 ft

Qo = 0.62 x 0.218 (see Pg ~'t~) x "(2 x 32.2 x 3.1 ') = 1.91 cis
Weir: H = 15.6 - 15.5 =:= 0.1 ft

L = 11 x 24" (diameter) * 1 ft /12 in = 6.28 ft
C = 3.1 (per Reference 12)
Ow = 3.1 x 6.28 x 0.1 3

/
2 = 0.62 cfs

Q = 1.91 cis (orifice) + 0.62 cfs (weir) = 2.53 cfs
Q = 1.94 cis (orifice) + 1.74 cis (weir) = 3.68 cfs

Elevation vs Discharge tables follow for each outlet control structure (bioswales and pond).



/
"Elevation (ft) Width (ft) Area (sf) /Area (ac)

12.5 2 2646 / 0.06

13.0 5 6615 ;/' 0.15

14.0 11 14553 / 0.33/

15.0 17 22491 ./ 0.51

15.5 20 26460 /' 0.6
I

16.0 23 3042,9' 0.69

16.5 26 3~~}8 0.78

Bioswale 1-2
Bottom Width =2 ft; Length =1,323 ft

Using the method for area determination provided on Page ;;..3 , the following table
summarizes the relationship of elevation versus area of the bioswale for input to H¢HMS.

II
Elevation - Area Summary I

Owner: Radback Computed By: C. Kantola
Plant: Oakley Generating Station Unit: """---""""---"_............~ Date: June 17. 2010
Project No.: 163994 File No. 52.5406.1007 Verified By: P£.;J
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_____________________Page: ~q of ;; I

/
Standpipe diameter =24"; Rim Elevation =15.~'.ft
Using the method for weir flow discharge provid~ on Page .23, the following table
summarizes the relationship of elevation vers}l'S discharge at the outlet of the bioswale for
input to HEC-HMS. Refer to Page 311 foJS'scussion of weir I orifice flow into riser pipe.

./
Elevatioo"- Discharge Summary

/

Elevation (ft) i/ . DischarQe (cfs)

12.5 (bottom) /" 0

15.5 (rim) ,/ 0

15.6 I' 0.62

15.v! 1.74
f

1,$.8 3.2

A5.9 4.93

/ 16.0 6.88

/ 16.1 9.05

/ 16.2 11.4
I~ 16.3 13.93

/ 16.4 16.62

/ 16.5 19.47

So~.J ,r \'1 /to
~ J 4
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Bioswale 1-2

Bottom Width = 2 ft; Length = 1,323 ft; Bottom Elevation = 12.5 ft

The following tables summarize the Elevation vs. Area and Discharge for HEC-HMS input.

Elevation - Area Summary

Elevation (ft) Width (ft) Area (sf) Area (ac)

12.5 2 2646 0.06

13.0 5 6615 0.15

14.0 11 14553 0.33

15.0 17 22491 0.51

15.5 20 26460 0.6

16.0 23 30429 0.69

16.5 26 34398 0.78

Standpipe diameter = 24"; Rim Elevation = 15.5 ft

Drainage Area & Runoff Coefficient: .

A = 11.17 (Areas summarized on summary on Page~

C = 2.3 x 0.65 (gravel) + (4.55 + 1.57) x 0.25 (lawn) + 2.75 x 0.95 (impervious) /11.17 = 0.5
Water quality flow rate: Q = CIA = 0.5 x 0.2 in/hr x 11.17 ac = 1.12 cfs

Orifice equation: Q=CAv(2gh) for 1.12 cfs with h=1.0' and C=0.62, yields A = 0.2245 sf

Ten 2-inch orifices can be used to provide an area of 0.2180 sf (use in orifice equation)

Elevation - Discharge Summary

Elevation (ft) Discharge (cfs) Elevation (ft) Discharge (cfs)

12.5 (bottom) 0.00 (orifice) 15.9 6.93 (orifice + weir)

13.0 0.77 (orifice) 16.0 8.91 (orifice + weir)

14.0 1.33 (orifice) 16.1 11.11 (orifice + weir)

15.0 1.71 (orifice) 16.2 13.49 (orifice + weir)

15.5 (rim) 1.88 (orifice) 16.3 . 16.04 (orifice + weir)

15.6 2.53 (orifice + weir) 16.4 18.76 (orifice + weir)

15.7 3.68 (orifice + weir) 16.5 21.64 (orifice + weir)

15.8 5.17 (orifice + weir)
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Bioswale 3 /
Bottom Width =2 ft; Length =187 ft ,1/
Using the method for area determination provided on Page ?-3, the following table /

summarizes the relationship of elevation versus area of the bioswale for input to~C-HMS.
/

Elevation - Area Summary /"
Elevation (ft) Width (ft) Area (sf) /" Area (ac)

11.0 2 374 / 0.01

12.0 8 1496 /' 0.03

13.0 14 2618 / 0.06

14.0 20 3740 /1 0.08

Standpipe diameter =24"; Rim Elevation =13.0 ft
Using the method for weir flow discharge provided Page .;1.:3 ,the following table

summarizes the relationship of elevation versus . charge at the outlet of the bioswale for

input to HEC-HMS. Refer to Page £:.. for dis ssion of weir I orifice flow into riser pipe.

VOID. .
Elevation - ischarge Summary .

Elevation (ft) / Discharge (cfs)

11.0 (bottom) / 0

13.0 (rim) / 0

13.1 1/ 0.62

13.2 j' 1.74

13.1 3.2

ri.4 4.93

/13.5 6.88
/1 13.6 9.05

,/ 13.7 11.4

/ 13.8 13.93
j/

13.9 16.62

/ 14 19.47

••
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Bioswale 4
Bottom Width =2 ft; Length =391 ft
Using the method for area determination provided on Page .1'3 ,the following Ie

summarizes the relationship of elevation versus area of the bioswale for inp. to HEC-HMS.

Elevation - Area Summary

Elevation (ft) Width (ft) Area (sf) J Area (ac)

12.5 2 782 / 0.01

13.0 5 1955 ;1 0.04

14.0 11 4301/ 0.09

15.0 17 6611 0.15

15.5 20 ~20 0.17

16.0 23 /'8993 0.2

16.5 26 If 10166 0.23

Standpipe diameter =24"; Rim Elevation 15.5 ft
Using the method for weir flow discharge rovided on Page ~) , the following table
summarizes the relationship of elevatio versus discharge at the outlet of the bioswale for
input to HEC-HMS. Refer to Page 3 for discussion of weir I orifice flow into riser pipe.

Ele tion - Discharge Summary

Elevation (ft) / Discharge (cfs)

12.5 (botto~ 0
I

15.5 (ritt!) 0

15A 0.62

15.7 1.74

/15.8 3.2
II 15.9 4.93

;' 16.0 6.88

/ 16.1 9.05 .

/ 16.2 11.4

/ 16.3 13.93

/ 16.4 16.62

16.5 19.47

~eJ il'~ \0

I .
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Bioswale 4

Bottom Width = 2 ft; Length = 391 ft

The following tables summarize the Elevation vs. Area and Discharge for HEC-HMS input.

Elevation - Area Summary

Elevation (ft) Width (ft) Area (sf) Area (ac)

12.5 2 782 0.01

13.0 5 1955 0.04

14.0 11 4301 0.09

15.0 17 6647 0.15

15.5 20 7820 0.17

16.0 23 8993 0.2

16.5 26 10166 0.23

Standpipe diameter = 24"; Rim Elevation = 15.5 ft

Drainage Area & Runoff Coefficient:

A = 4.26 (Areas summarized on summary on Page 5''\ )
C = 2.51 x 0.65 (gravel) + 0.54 x 0.25 (lawn) + 1.21 x 0.95 (impervious) 14.26 = 0.7

Water quality flow rate: Q = CIA = 0.7 x 0.2 inlhr x 4.26 ac = 0.60 cis

Orifice equation: Q=CA~(2gh) for 0.60 cis with h=1.0' and C=0.62, yields A = 0.1199 sf

Five 2-inch orifices can be used to provide an area of 0.1090 sf (use in orifice equation)

Elevation - Discharge Summary

Elevation (ft) Discharge (cfs) Elevation (ft) Discharge (cfs)

12.5 (bottom) 0.00 (orifice) 15.9 5.93 (orifice + weir)

13.0 0.38 (orifice) 16.0 7.89 (orifice + weir)

14.0 0.66 (orifice) 16.1 10.08 (orifice + weir)

15.0 0.86 (orifice) 16.2 12.44 (orifice + weir)

15.5 (rim) 0.94 (orifice) 16.3 14.99 (orifice + weir)

15.6 1.57 (orifice + weir) 16.4 17.69 (orifice + weir)

15.7 2.71 (orifice + weir) 16.5 20.55 (orifice + weir)

15.8 4.19 (orifice + weir)
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ioswale 5
ection 2: Bottom Width =10ft; Length =265 ft
ection 2a: Bottom Width =8 ft; Length =120 ft
sing the method for area determination provided on Page .;13, the following table
ummarizes the relationship of elevation versus area of the bioswale for input to HEC- MS.

Elevation - Area Summary

Width (ft) Area (sf) / Total Area
Elevation (ft) Section 2 Section 2a Section 2 Sectid'~ 2a (ac)

11.0 - 8 - /960 0.02

12.0 10 14 2650 / 1680 0.09

13.0 16 20 4240 / 2400 0.15

14.0 22 26 58301' 3120 0.2

14.5 25 29 662'5 3480 0.23

15.0 28 32 /1420 3840 0.25

15.5 31 35 / 8215 4200 0.28

B
S
S
U
s

.s"~.1 ,( {

S~L fJ, ;)"1 I>r

Standpipe diameter =36"; Rim Elevation = ~.5ft

Using the method for weir flow discharge pr vided on Page ~3 I the following table
summarizes the relationship of elevation ersus discharge at the outlet of the bioswale for
input to HEC-HMS. Refer to Page 30 or discussion of weir I orifice flow into riser pipe.

Elevaf n - Discharge Summary

Elevation (ft) ,I Discharge (cfs)

11.0 (bottom) ,/ 0

14.5 (rim)/ 0

14.tV 0.92

117 2.61

/14.8 4.8

/ 14.9 7.39

/ 15.0 10.32

/ 15.1 13.57

/ 15.2 17.1

/ 15.3 20.9

/ 15.4 24.93

15.5 29.2

«.J l~ lQ
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Bioswale 5

Section 2: Bottom Width = 10ft; Length = 145 ft
The following tables summarize the Elevation vs. Area and Discharge for HEC-HMS input.

Elevation - Area Summary

Elevation (ft) Width (ft) Area (sf) Area (ac)

12.0 10 1450 0.03

13.0 16 2320 0.05

14.0 22 3190 0.07

14.5 25 3625 0.08

15.0 28 4060 0.09

15.5 31 4495 0.10

~tandpipe diameter = 36"; Rim Elevation = 14.5 ft

Drainage Area & Runoff Coefficient:
A = 6.08 (Areas summarized on summary on Page S~ )
C = (2.87 + 0.94) x 0.65 (gravel) + 0.95 x 0.25 (lawn) + 1.32 x 0.95 (impervious) 16.08= 0.65
Water quality flow rate: Q = CIA = 0.65 x 0.2 inlhr x 6.08 ac = 0.8 cfs

Orifice equation: Q=CAv(2gh) for 0.80 cfs with h=1.0' and C=0.62, yields A = 0.1589 sf
Seven 2-inch orifices can be used to provide an area of 0.1526 sf (use in orifice equation)

Elevation - Discharge Summary

Elevation (ft) Discharge (cfs) Elevation (ft) Discharge (cfs)

12.0 (bottom) 0.00 (orifice) 15.0 11.64 (o'rifice + weir)

13.0 0.76 (orifice) 15.1 14.91 (orifice + weir)

14.0 1.07 (orifice) 15.2 18.46 (orifice + weir)

14.5 (rim) 1.20 (orifice) 15.3 22.28 (orifice + weir) ,

14.6 2.14 (orifice + weir) 15.4 26.33 (orifice + weir)

14.7 3.86 (orifice + weir) 15.5 30.62 (orifice + weir)

14.8 6.07 (orifice + weir)

14.9 8.68 (orifice + weir)
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15.0

13.0

12.0

14.0

9.0

8.5

Elevation ft

11.0

Elevation - Area Summary

Pond

The proposed pond will provide additional storage capacity for the stormwater runoff from
the post-construction site conditions. Below is a table summarizing the relationship
Elevation versus Area (areas measured using AutoCAD).

10.0

0.495 sf

The pond outlet'structure consists of orifice ho s in the vertical standpipe to reduce peak
flows and also allows discharge through the im via weir flow. The method for determining
weir flow is consistent with the weir disc rge for bioswales. For orifice flow through the

standpipe barrel, the orifice equation =C x A x ~2gh is used to determine discharge by

considering the head (h) above th orifice discharge elevation. In the pond this elevation is
set at EL 10.0 per Reference 1~ A is the orifice area. For this calculation, nine 1-inch holes
are providedfo limit maximu lows to 0.5 cis until the water level is at EL 14.0 (rim).
. a+ !Zt.., 10.0 p'y>-/ G/tr;jI4

The elevation - dischar e table can be determined:
Orifice EL =;6.0 .

Discharg,4't each depth can be determined:
At EL 14'.0 (rim), H =14.0 -10.0 =4.0 ft

7 A =9x(1l'xr 2 )= 9 x (Il x (0.5 in /12 in/ft)2) in =
C =0.62 (per Reference 13)

~.arge at EL 14.0 Q =O.62xO.0495x.J2x32.2x4.0 =0.49 cis « 0.50 cfs)

/iSCharge at EL 12.0 Q =O.62xO.0495x.J2x32.2x2.0 =0.35 cis

j..lf"'V~~ " ''1/1~
~ /Ii 7J'i4



Owner: Radback Computed By: C. Kantola
Plant: Oakley Generating Station--"' Unit: ...;...;....;.....;;;....;...;......;...;..._'...;;,;.k=',:Date:./$eptemberA4,20;10
Project No.: 163994 File No. 52.5406.1007 Verified By: ('t.,., .,'
Title: Stormwater Analysis - Peak Flow to Wetland Date: ....~ .....;./(:J
______________________,Page: J%~ of 3\ ' .

Pond
The proposed pond will provide additional storage capacity for the stormwater runoff from
the post-construction site conditions. Below is a table summarizing the relationship of
Elevation versus Area (areas measured using AutoCAD).

Elevation - Area Summary

Elevation (ft) Pond Area (acres)

8.5 0.33

9.0 0.35

10.0 0.41

11.0 0.48

12.0 0.54

13.0 0.61

The pond outlet structure consists of orifice holes in the vertical standpipe to reduce peak
flows and also allows discharge through the rim via weir flow. The method for determining
weir flow is consistent w,ith the weir discharge for bioswales. For orifice flow through the

standpipe barrel, the orifice equation Q = C x A x ~2gh is used to determine discharge by

considering the head (h) above the orifice discharge elevation. In the pond this elevation is
set at EL 8.75 per Reference 11. A is the orifice area. For this calculation, orifices are
provided to discharge the water quality volume (WQV) between 24-48 hours.

Per B&V Calc 52.5406.1008 the WQV is 0.30 ac-ft. which is stored in the pond at EL 9.34'.
The average head for the orifice equation is 2/3 of the maximum head of 9.34-8.75 = 0.39'
The target dewatering time is 24 hours for the WQV.
Therefore the average flow rate Q = (0.3 ac-ft x 43560 sf/ac)/ (24 hr x 3600 s/hr) = 0.151 cfs
Orifice equation: Q=CAv(2gh) for 0.151 cfs with h=0.39' and C=0.62, yields A = 0.0486 sf
Eight 1-inch orifices can be used to provide an area of 0.044 sf (use in orifice equation)

The elevation - discharge table can be determined:
Orifice EL = 8.75
Discharge at each depth can be determined:
At EL 12.0 (rim), H = 12.0 - 8.75 = 3.25 ft

A= 8x(1l'xr 2 )= 11 x(Jlx(0.5in/12in/ft)2)in= 0.044 sf

C = 0.62 (per Reference 13)

Discharge at EL 10.0 Q = 0.62 x 0.044 x .J2 x 32.2 x 1.25 = 0.24 cfs

Discharge at EL 12.0 Q = 0.62x 0.044x.J2x32.2x 3.25 = 0.39cfs
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Standpipe diameter =36"; Rim Elevation =14.0 ft

Using the method for weir flow discharge provided on Page aJ , and the orifice disc rge
method on the previous page, the following table summarizes the relationship of vation
versus discharge (weir and orifice) at the pond outlet. This data is input into t HEC-HMS
model. Weir discharge is calculated at 0.1-foot intervals due to the rapid i ease in
discharge as the depth increases. Refer to Page 30 for discussion of,..air I orifice flow into
riser pipe. /

Pond Elevation - Dischargesum~
r

Orifice Discharge Weir,~;SCharge Total Discharge
Elevation (ft) (cfs) - ,/ cfs) (cfs)

8.5 (bottom) - /' - 0

10.0 (orifice) 0 /' - 0

11.0 0.25 /1 - 0.25

12.0 0.35 /,/ - 0.35

13.0 0.43/ - 0.43

14.0 cv.i9 -0 0.49

14.1 11 0.5- 0.92 1.42

14.2 ,1/ 0.5 2.61 3.11

14.3 /" 0.51 4.8 5.31

14.4 /' 0.52 7.39 7.91

14.5 / 0.52 10.32 10.84

14.6/" 0.53 13.57 14.1

1#7 0.53 17.1 17.63

/14.8 0.54 20.9 21.44

/' 14.9 0.55 24.93 25.48

/ 15.0 0.55 29.2 29.75

s .... p<Us.Jl....l '(\-i/,O
4
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Standpipe diameter =36"; Rim Elevation =14.0 ft

The following table summarizes the relationship of elevation versus discharge (weir and
orifice) at the pond outlet for input into the HEC-HMS model. Weir discharge is calculated at
0.1-foot intervals due to the rapid increase in discharge as the depth increases. Refer to
Page 30 for discussion of weir I orifice flow into riser pipe.

Pond Elevation - Discharge Summary

Elevation (ft) Discharge (cfs) Elevation (ft) Discharge (cfs)

8.5 (bottom) 0.00 (below orifice) 12.3 5.21 (orifice + weir)

8.75 0.00 (orifice) 12.4 7.81 (orifice + weir)

9.0 0.11 (orifice) 12.5 10.7 (orifice + weir)

10.0 0.24 (orifice) 12.6 14.0 (orifice + weir)

11.0 0.33 (orifice) 12.7 17.5 (orifice + weir)

12.0 (rim) 0.39 (orifice) 12.8 21.3 (orifice + weir)

12.1 1.32 (orifice + weir) 12.9 25.4 (orifice + weir)

12.2 3.02 (orifice + weir) 13.0 29.7 (orifice + weir)
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The capacity of each riser pipe is determined for weir flow and orifice flow based on the
peak head above the rim elevation for each outlet control structure. To determine the
elevation at which the flow transitions from weir flow over the riser rim to orifice flow when
the rim becomes submerged, the value of the head, H that results in weir flow equal to
orifice flow is computed. This head value is compared to the peak elevation in the
bioswales and pond to determine if weir flow or orifice flow would govern.

Weir flow, Qw

Orifice Flow, Qo

Gravitational Constant, g

= Cwx L X H3
/2

=CoxAx~2gH

=32.2

Setting Qw =Qo, the above equations are reduced to solve for H: H = 8.025 x Co x A
CwxL

Weir Coefficient, Cw
Orifice Coeff, Co

=3.1
=0.62

Area, A and Length, L are dependent on the diameter of the riser pipe.
For a 24" riser pipe, A =11 X r2 =3.14 x (1 ft)2 =3.14 sf

L =11 X d =3.14 x 2 ft =6.28 ft
For a 36" riser pipe, A =11 X r2=3.14 x (1.5 ft)2 =7.07 sf

L =11 X d =3.14 x 3 ft =9.42 ft

The Head, H at which weir flow is equal to orifice flow is thus:

For a 24" riser H = 8.025xO.62x3.14 =0.8 ft. Weir flow will govern up to 0.8' above rim
3.1x 6.28

For a 36" riser H = 8.025x 0.62x 7.07 =1.2 ft. Weir flow will govern up to 1.2' above rim
3.1x9,42

Referring to the HEC-HMS output in Attachment 2, the maximum head above the riser is for
Bioswale 1-2 (Peak elevation - rim elevation =15.99 ft - 15.5 ft =0.5' of head). This is
below the minimum head that results in orifice flow (0.8' for 24" riser). Therefore the use of
the weir flow discharge values is correct for all overflow structures for this calculation.
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Section 5.0 HEC-HMS Output
The parameters determined in Sections 1.0 through 4.0 were input into the HEC-HMS
computer program. The outflow from the wetland is specified in the HEC-HMS program to
be 0 at all times (no outflow). The peak discharge rate to the wetland for eachstorm event
was calculated by running the HEC-HMS program. The table below summarizes the runoff
rate produced in the pre-construction and post-construction site conditions for each storm
event. The output results are included in Attachment 2.

VS'
4\\'{\'1
~j(lJ

V
I'"'Yv

'Y.;lQ/r:;

---.

Summary of Runoff Peak Flow Rates to Wetland

Rainfall Pre-Construction Peak Flow Rate Post-Construction Peak Flow Rate /"

Event to Existing Wetland to Existing Wetland

1-inch 0.3 J>:fcfs o.~ ¢ cfs

10-year 3,b ~CfS ~.2. J<cfS
100-year \,I.j 1,tS cfs '-\.l %cfS

r-

Conclusion:
Based on the HEC-HMS analysis for the pre- and post-construction conditions, the peak
flows to the wetland area will be changed as a result of the proposed development. The
increase in runoff volume due to the proposed development is attenuated within the
proposed bioswales and detention pond. By installing the bioswales and pond along with
outlet control structures, the peak flows are controlled in the post-development condition and
result in equal-to or less-than pre-developed conditions.
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HEC-HMS Input - Basin Model 1 (Existing Condition)
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NOTE 10179: Opened basil model "Basin 7 • reconfigtJ'e- at ltne 095ep2010, 09:20:11.

,NOTE 10179: Opened _ model "Basil 1 " Exi.tr<j" at lime 095ep201O, 09:38:52.
i v



Wetland Storage Capacity Data

ronhliIf fI05bktJon r It ""UM\IOi Ai'ii .. U. .
NOTE 10185, Fnshed~~M 'D< 1-fodl',une09Sell2OIO, ""0:57.
NOT! 10180J Clpoood >0oןס- ....w"5loml1 100.:/4' ..me 095epZ010, 09:09:30.
NOlO 10110: Opored _"",*....w ~1lI2. 10.2...• ...... 095ep201O, 09:11r.S9
NOTE 10180: OIloMd_dog< modol"SlormJ-I flch" «lITe O95eo2Olo. 09:11::li.

E!IO ~ '!!IN< ea.->ero.

DI07 ~ +0.
0ail0yZ-.-Sasnl-EllIslI"9

Dt~AI'f14

[f)5C5w-ve_
[Q 5CS lro\ t+r'd'OCl'aph
[j'ND~

(iJ a.- .. -PrlllJQMd Pord_s
(iJa.-6

• - &m7·,--'9n
_"",*Models

• 'l!9' -"'1 100 2<
_·10.2..

5tom\3·1 rl<l'1

e-..rb CompUt1l P,.d-,

e_ tcome: _In I • fHIOUnII

aem.nt /lome: Wetland

De5<r1PtiQnl Wetland Sl"'_

OOrMlstrNm:

""'hod, ScJed'1ed P,.
Sbxaqo Melt-olr a.votlan-Ar...

a.v-h..F\rllllon: \11_ Ex

lMlIIIC"-, a.v....
IrobaI_O"Tls.o

Disd'.or\lO Gogo: Gogo I

M..R....... (CfS)

Glpk.ty (,ocoFT)

Dr III glAtt

D~fiiJ

_6
Ilosn 7 "r~iQIn

MoteorcIloQIt Models
e-oI~

m.5etmOlto
P.-.dDat.

E!cv_·AroaF_
\Q:_1+2
~_.

\Q:_S
!Q:Ponc!
~
EIoYotlon-l:lischarQO FUl<lIDn<

C,"""",",,", CompI.to P,_

~P.edDac4 T Gtaph
__1fT) ,

OOסס.5

7.5llOl1

OOסס.10

11 5000

l£ aDSttbCliOl"ltatJlfl'Orso..ti5Hti _l+ZItNJ sU.2W'J
NOT! 11713: IrobaI abwac.tion rotlol", SltlIlMn '_5!n1>' ~ 0 2D09.
NOT! 11713: It-...toWratlion_for..-'J'md!n1>' ~ 0.2009.
NOT! IOIas.: _ C<1I1'Uinll_M_' l-flch' _135opZ010,13: 08.
NOTE 10179, 0Il0Md _ model_I" Emtinl;I" .. '*"" IJ5ep20IO, '3:05:211.



HEC-HMS Input - Basin Model 7 (Post-Construction Condition)

Subbasin Data

l'leN

'N8tland

Wetland

0~sinModel

Name: Basin 1 - rl!!:configure

Descnption: Expand pond • recoriiQLI'e Ii]
Gtd eel File: iil
loc~ Flow: No

Flow Ratios: No

Replace Mssi1g: No

~rl::

WiXerQualty:

Ult System: U.S. Custcrnary

Lie ~ '{jew CanpJnerI. ~_er. ~ !lesul. rods !jeIp

C1~Iii1~ i~ +Q.~~~"fi<\''T~ J!lallll~ ~

III Bas" 5 I~~~~~~~~~~;IIIIIIIIIIIIIIIIIIIIIII~~~III Bas" 6

-. fEJ~~=mJ!D
=j. ~_1+2CN

'1" J!;._1+2JrJ1)
+ ~_4CN
,. t!+- _of Irrp

+ ~_5CN

"+ ~ _SImp

.t ~_PordCN

t ~_Pondlmp

+ (!;.. _Wetland

~Bloswelel

.C?"~.~~~~~~ Compute ReslAs

<
NU 11l1Wr0!l0ftill_0Ib00C 0lr.:l-1U'l ~U,U9;IU••
NOTE 10180: Opened meteorOOc;;c modeI"5t0rm3 - I inch" at time 095ep2010, 09:11:31.
NOTE 10179: Opened bosi-l model "Basin 7 - ,e"";Pe" at time 095ep2010, 09:20: 11
NOTE 10179: Opened basol model "Basin 1 - E>Oslhl" at time O9Sep2OlO, 09:38:52.
tK>TE 10179: Opened basin modeI R 6Min 7 • reconfiQl,l'e- at tine 09Sep20101 09:<18:%.

Ele EdI ~ Componerh EIlfMdets Corr¥Ue B.esuts !ocis ~

Area 1
(1'112) ..1

0.0161'

0.0011

o00tI2

0.0005

01lOllS

0.001

o002S

00001

00018

_1+2 CN

_1+21...

_4CN

_"Jlol>
_SCN

..$ltTo

J'U'ldCN

J'<nlllrp
_wetland

_8a:IIn1-~

0ew'C>tlM: Expand pond"..an'iour

GrldColRe:

lJl<oIAow: No

Flowll<lbo<:No

RopI..... ""*'u: No-,
W_QueltY:

l)1l Sy<tom: u.s. Cultcmary

"__IHCN

_l+2l1rp

_' CN
~ _.Imp

_SCN
.... __5lmP

..f'llndCN
..}'aldlq>

-WOtlOrIj
1_"'1

COllopQl1<lr'b COIlIlUbo I!dA<

_Model

I:~~:~;== "Slcrm3 - I inch" at time 09Sep2010, 09:11:34.
NOll'10179 OIlonodbosi-lmodel"Sol<ll7 - reconl;pe" iX time 09Sep2010, 09:20:11.
NOll' 101~' OIlonodI>a<ln_"Sol<IlI· Existilq" iXline 095ep201O, 09:38:52.
NOll' l011'i1 Oponod bosi-l model "Bali'> 7 • reconfigu'e".' tine 09Sep201O, 09:48:16.



[ie ~ 'lew C<>rnponert. etwl!llT'letetS Con1<U. fiestAs loos t!e'P

D ~ ~ /jJ + .t. de (j,-

fl) Basln S

fl) Ila<in 6

-0 Show Elements:
+ ~_1+2CN

SttX>em Irft~1 Abstr-'Ction Curve f\k..Irber Irr<>erviousT ~_1+2Imp

~~_1CN
(IN) ('to)

t ~_4Imp _1+%01 0.632 76 00

to ~_SCN _1+21i!O 0.041 98 100
.:t .;;. _5 Inv _401 0.500 80 0.0
.. ~_PondCN _. 1101> 0.041 98 100
+ ~_PoodI~

t' ~_Wedand ~OI 0597 77 0.0

\!!toJ Bioswol. 1 _51n1> 0,041 98 100

Components CompUte Resuts j'ondOl 0.740 73 00

_1'ood1lllP 0.0'1 98 100
tlJ Basin Model

.'tlletIo!>d 0.667 75 00

Name: Basin 7 - reconOoure

Description: Expand pond· reconfiQUre e
Grid eel File: ~

local Flow: No

Flow Ratios: No

Replace Missilg: No

sediment:

WlI."'Qualty:

l.hI:: System: U.S. Customary

!mIE1Ul1lT: Op._mereorIilOQJtI1ildOlOfOlffi2 -ro:zo"-Ol tlffiOlJ95<i52UlD;W'ro,S'J:'
jOOTE 10180: Op.r-ed meteorolo9' model "Storm3 -I i"<h" lI. time 09Sep2010, 09:11:34.
',NOTE 10179: Opened ~sin model ''Basf'J? retoriiglJe- at tine 09Sep20IO, 09:20: 11.
NOTE 10179: Opened baiin model "Bawll • ExJstn;j' at: time 095ep2010 j 09:38:52.

,NOTE 10179: Opened ba-sin model "8esIn 7· recoriiOU'e- at t:ine 095ep2010J 09:18:'46.

[lie ~diI Y:iew Cornponerds farM'letCl'$ Compule ffesUlls 100ls !::!eIp

-
I"

fl) Ba'in 5
fl) Ba'in 6

- rtJ~.:;Ci:!!l:l
... ~_1+2CN

+ ~_1+2Imp

'l:' 1~_"CN
+1~_4Imp

+ ~_5CN

:+: ~_5Imp

+ ~_PondCN

+ ~ _Pond Imp
+ I;'" _Wetland

1!!!!J Bioswal. 1

Components Compute Res!'*s

5I1ow Elements:

Subbasin l~ Tine I(MIN)

1+2 eN 6

_1+2 Imp 6

_4 eN

_4 Imp 6

_5 eN 6

_5 Imp 6

_Pond eN 3.6

_Pond Imp 36

-Wetland 36

Name: Basin 1 - rec::onfil;P'e

~: Expond pon:l- r.,oriig". Ilil
GoMl C.. Fie: ~

Local Row: No

FbNRatios: No

Reolac. M<sing, No

Sectnent:

Wll.." QueIly:

Lnt: System: U,S, CU5tcmary

OOIF IUl1JJ: upenea-metOOfOlOOiC iiilS<lOI>li5iffi2' ro:2'f" Ofliiie lJ95<i52UlU; 0'T:1lr:5'T.
NOTE 10180: Openedmeteorolo9i< model "StormJ - I inch" at tme095ep2010, 09:11:34.
NOTE 10179: Opened basin model -Basin 7 • reconfil:}.6e- at tIre 09Sep2010J 09:20:11.
NOTE 10179: Opened basin modet "Basil 1 • EXistI'lQ" at tine O9Sep2OtO, 09:38:52.
NOT!' 10179: Opened boson modeI"Bosln 7· reconflQlJ'." lI. an. 0_10, 09:48:46.



Bioswale 1 Storage Capacity &Discharge Data

W 11 nd J;:~r- -lq!I-__-\<....J ...,__... -'+2Imp

MJll:.lwll:i! fiiPiiQtoiilPlb'lOSIW:J~rt:r'i ~ ~nr,tI:f:4U"~'.

,NOTE 10180: Opened meteorcb;jic modoI "Storml - 100.21" at tine O95ep2OIO, 09:09:30,
NOTE 10180: Opened meteoroioolic modoI "Storm2 - 10,2"" atl>ne 095ep2010, 09:10:59,

:NOTE 10180: Opened moleoroioolic modoI "StormJ· 1 nch" atl>ne O95ep2OIO, 09:11:3<4,
NOT[ 10179: Opened bos" modeI"8osi17· rocoriq....• at timo O9Sop2OIO, 09:20:11.

_04

_0105

MH
Por<l
WolJrd

_oIogo<ModoI.
SlDmt • 100 24

_-'0,24_""-I.""
COr<rol5p«tlcatlor»
Tmo-SoMs Doto
PalrllKt D4l.

Basin Name: Basin 1 - reconf'loure
Element Name: Bioswale I

Oescnptioo: Bioswole 1+2 (CorrtJned)

Downstream: I'1-t

Method: outflow Curve

storage Method: Elevation-AreaoOis<harge

EIev-Area Ftn:tion: floswale 1+2

EIev-D1S Ftnction: Bioswalel+2

Pr'rncvy: E1evatlon-Disctlarge

Irj:ial Con~cn: IrtIow - Oltflow

~J Reservoir OptOO5

Wetland 1...,;I------1!I''----t....;;t---...,~-H-i' Imp

_Wetland

0,33

0,51

0,60

0.69

0.78

0.88

14.0

15.0

155

16,0

16.5

17.0

~ PaiI'ed Data Table Graph

EIovation (FT) ;~(AC)

12.5 0.06

13.0 015

" "!!I' Slorm2 • 10.24
:£ '!b' Sl:orrn3 - 1hch

.t U Centro! Specticaticos

+ '0 Tine-series D~llI

.;. <..J Paired Data
~; ;;;:; ElevMion-Area Functi:lns

~.
k;:: Bioswale 4
k;;: Biosw~e 5

~Pond
~W..londEx

-..-1 E1ovotion-Dlsch.Y\lO P<T<tlons
k2:. Bioswalel+2

~_oIe"
~Bios_5

k2: Pond 0\tI0t 9.0

C~s Complte RestA:s

E*' ~ 'b>W~ t:w_s ~. ~...... lools tleIP

D~IiiIS;!~ +Q.~~IMJT~"i'~ ~Q

~~~------~

l'lGTh llJITl!>:FiiilI'ie<rc~~lJi<xT-iOOl-illlii'iO"lJ95eP2UTQ;1llJ~T. -

I
NOT[ 10.80: Opened meteoroioolic model ''51orml • 100.2"" at tine 095ep2010. 09'09:30.
NOTE 10180: Opened metooroioolic model "Storm2 • 10.24" at l>nell9Sep2OIO, 09:10:59.
NOT[ 10180: Oponod meto",cb;jic modoI"StormJ· Inch" atl>ne 095ep20IO, 09:11:34.
NOTE 10179: Oponod!>osln modol '8osin 7· rocori'O'le' at tine O9Sop2OIO, 09:20:11,

v



---._ 1oOo1;:----;!.- --~-

'\,)_0.0..
-u_o..
~u~...........

~
_HZ_._.

"'"'_b-t,)UI _

'""'-"'-t:e:__U---12:_0.0.. ,.........
0.._1/'1) __~

~ ~.

IU L11

I" I.»
IU I 11

IU I.

IU UJ

'U ~

1$,' $,11

1$,' Lt:l

IU ..'"
ILl lUI

lLZ 1149

~ ,~

It... l~

"'", ll...

•

-""



Bioswale 4 Storage Capacity & Discharge Data

• I

_.$
I't1
Pond
Wo!Iond

!"etec>nIlo1lft_
"1 'Storrrll·100.ZWI
• -,l/J'st",mZ-IO.Z1

~ CQI'1>L<e Re....

Basm Name:.all 6n 7 ... I'lI!.conl1oure
Oemll!n.t' me: IIJIOIW."

0Ma1Ptiorl _1
Down>O.... _5

_IOWbo/C"""
~._ EIovatJor>.AfM_oe

fJoyoAf... "'-"'fn1 -"'1
£lev-Do fvl<t;o>, lIloo¥ooIei

Pt......I~oe

I_Can<bln, Jriboo-Miow

NOT£1t1I1I1! ~ 1tarne lJ95eP2UtU~ W:IU'
N01£ 101110: Opened meteoroloc1< model "Sh,rmJ· 1 ndl"at tine 09Sep2010, 09:11:31
N01£ 10179: Opened basi:! modeI"8osio J • ,econfl)u'e"at tine 09Sep2010, 09:20: 11
NOTE 10[79: Opened basi:! model"8osio I • Ex.rng" at tine 09Sep20[0, 09:30:52,
NOTE 10179: Opened basn model"8osio J • ,econfl)u'e" at trne 09Sep2010, 09'10:16.

nme-_Dat.
"..odOor.EIov__Ar... 1'\lnclI:lns

l'2:el_~e HZ
1'2:
l!2:e_$
I'2:PO!ld
I'2:WellonlEll

- .J EW;1ll1.Mlird...~ Fu1<tIoM
~_J+2

12:_0101
~_.5

~ Pond o..det 9,0

~ COn'oDl.(. RoRAs

I'2:PlllredOlll. TellIo <;r0Ph

EIovIllIon (1'1) Ar.. (AQ

12.5

13.0

1M'

15.0

15.5

16.0

16,5

0.01

O.(H

0.09

0.15

O,n

0.20

0,23

NOf£..lUlllJ'·~eorOil(ji:'1iiOlli!I~ni2~lU:2'r .. omelJ95eP2UllT,U'T:~
N01£ 101110: Opened meteoroloQic mode! "51ormJ • I ndl" at tine 09Sep2010, 09:11:31.
NOTE 10179: Opened basi:! modeI"8osio J • ,econIiO,...• at tine 09Sep2010, 09:20: 11.
NOTE 10179: Opened basi:! model"8osio I • Exish>t III tine 09Sep201O, 09:30'52.
NOTE 10179: Opered basn model "Do", J. ,econfl)u'e" III trnelJ95ep2OlO, 09:10:16.



r. too ___ ..-. -- ... -0",'1-' ,
+~ .. ~ .,., ... ~~ ~-'..

• >.J~_Dolo •-Owl_Dolo .·U___

~_"2_.
~::.-s /.,.,,",,_.

~ -,
-Wl:ll_,Dod_OO_ - _'·Hr...t:i!!_..2

~!!!'
i2:_o.oIot,.. .-j •.-

~:-:---l:i!_lIol.o 10lil 00

-." , -..... ,
~ ~

_.
'U ~ -. •... ~

~
.• •,u ~

,u ,. .....
,U 'R

'" ~ _HN .''''... ."... ••
'U 'M •.., - •
'U ~" ~__ -."lll:<I"""._~~_ .
,U ,•." IIOftlIllR_-.......___·'ftK.__'Q,""II:lO

,U "M
1101[ llll'" ____.J .-"fI~._-'O'...,'
1101['111"' ____'.-..._--..........

'u -. ~lln"' ____ J • ......,.·.__IQ,_ .



Bioswale 5 Storage Capacity & Discharge Data

_elmt

w.na,," I~OI----"""r-----ilo.oJ----~ .. l' 21mp

_<eN

_5CN
_S~

J07ldCN
_Pard IITc>
_Wotleod_I
-~

BMlnJllatne Ba'!Yr'l7 •,~ure
Element _ 810....."'5

Desalolion'_S

~.." Pond
Method: ~CiIYo

SbnQe Mettal: ElevotJon·......cosdwllt
E1oII-At$ifln;tion: 5

EIev-llil f\Ilct.." IIIol>OlIleS
PrinorY: Elevat~

ltltlaICondbon: _-<lI.<I\ow

EJe ~ :tiew <:anponerts ~_s CCrnpAe fI..... 1- ~

[)~"iit I~ +Q.~~IMJ'ti+'T~ lila

~~~-----~

• orrn2"'=1 ~:1O!S9

NOTE 10180: Opened rneteorolo!lic rr<JdeI"Sl0rm3 • 1 ilch" al time 09Sep2010, 09: 11:3.
NOTE 1017'3: Opened bam rr<JdeI"Basil7· reconlirpe" al time 09Sep2010, 09:20:11.
NOTE 1017'3: Opened bam rr<JdeI"!lam 1 • ExistnJ" al time 09Sep2010, 09:38:52.
NOTE 1017'3: Opened bam modo!"Basil7· ""onIirpo" at time 09Sep2010, 09:<8:%,

0.113

0.1l5

0,07

0,08

0.09

0.10

AI.. (AC)

12,0

IS.O

1••0

I••S

IS.o

15.5

~ P.'ed Oal. Tobie Graph

GoYotJon (FT)

UJ'lC101-,pettIC.aQnS

1blo-so,~0<u

P..edllot.
- ,j1lev~.F\I:ldJoo<

lI;::_el+2
lG:.-....
~ ..
~Poncl
~WedendEx
Ele_~F<.nctIonolG:.__ I+l

lG:.~

~~".
~COI!lllUteR_

[ill .,... ¥J- ~s ~_rs CCrnpAe f!esoAs 1- _

[)~,,;» i~ +Q.~~I!!!!J'ti+'T~~. 'm

~~~------~

I~:~ :~:: 0pened=:-="Sl..m3: :~" at::~:::~~
NOTE 1017'3: Opened bam rr<JdeI"Basil7· ,ecoriiQuro" al tine 09Sep2010, 09:20:11.
NOTE 1017'3: Opened bam modo! "Basil 1 • E<lsl:rq" al timo 09Sep201O, 09:38:52.
NOIE 1017'3: Opened bam modo!"nam 7· roconfiQuro" at tina 09S0p2010, 09:48:%.
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Pond Storage Capacity & Discharge Data

+ ~_5Imp

+ ~_PondCN

+ ~_Pondlrnp

+ ~_Wet:land

ItfJ B"""aIe 1
ltfJ_ale1
~_aIe5

TMH
I!J!!JE]
I!!!!J Wetlord

- :-i MeteoroloQic Models
,t ~2J:> storm! - 100 21
+: <j# 5torm2 - 10,24

COf'Tllonents Compute Resuh

8iffin Nllme~ OM&l~"'... ret.'onnll,lWe

EIoment ""': Pond

Oeo<riotl>o'~ Pond
-,i'ltj

i'tethod' Ol&tlowC.....
S1aooe M<ttal: EleYotm-Ar DIsdleroe

[\ev-NU7V1ttali Parld

EleY.o.f\lnc;ta1, PondCllAlel

"'......,:~!18

I!'IieI CCWldtlon: In'low - Ol&tlow

AR~1'5&{. imW~tOi reservor BiOSiI\iSIe 3 . --" '-"._- - .-_.._- _ ••. - ---

WARNN; 11561, CcUd not bad ..atJon.dschar90 1_ Forr_ 'Pond'.
WAANlNG11561: CcUdnot bad ..atJon.dschar90l_ For r_"BioswaIeT.
WARN:rt¥.i 415M: (cUd net bad elevatior'Klsch.Yge table fot reserve:*' ''Pond'.
WARNw:i 11561: CcUd not bad ..atior'KIsch.Y!18 loble for reservoir _ale T,

Ele¥ation eFT) Ar.. (AC)

85 0.33

9.0 0.35

10.0 0.11

11.0 0.48

12.0 0.51

13.0 061

14.0 0.67

15.0 0.75

EJe Odl 'Y)t:w ~. ear_or. Colr<:Ue ~estJIs lools ~

Cl~IiI~!~ +~~~ItfJ~+'T~ ~!lB •• 'i!i

~~~!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~~I:f *' storm2· 10,24
$; 'J1J' stOlm3 • 1 nch

':t. w Control SpedficMions
t' U Tine-Series Dat~

- U Po!ired ~to!

~, U E1e~atIon-Area FlSICtk:lns
k2: Bioswale 1+2
k2: Bioswale of
~Bi05rp'ljale5

~ ..
~Wet~dEX

~ U Elevabon-Dlscharoe FlJ"lCtlons
~lloswolel+2

_~, Compute Re5\l:s

~P~edOat.' Tobie ,Graph

~~tS64:UJOiI~~tiflIelorresetV6i""BiOSWSe"r:
WAANlNli 11561: CcUd not bad elevatJ0n.dschar90 table for reservoir 'Pond'.
WAANlNG 11561: CcUd not bad ..atJon.dsc!wge table for 'eservoir "Bioswale 3"
WARN!NG 41564: (cUd net load elevatior'Klsch.YfJ& table fa rMervoi' "Pen!',
WAANlNG 11561: Could not bad elevotion-<lschar90 loble For ,eservoi' _ole T.



_ '. ell

LI::;~----'~>----i.J----,"""- ,21mp

Btr-e

NO 1T1'3:J~~att.Wffitjj1'ti- _ is1r.:i
NOTE'17<3: 1'- abstraction ratlo for..-n '_HZ !IT1>'is O.ZC09
NOIE.I7<3: 1_ abstraction roti:> for..-n '_51..,' is D,ZC09,
NOT[ 41743: Illbal abstracmn rati:l fCl' subbasin -_Pend Imp-is 02009
NOI£ 10165: Fnshod (~siTUotionrun _ • l-rd1' <t tiM I<5opZOIO, 13:«:00,

D,rJXlX]

D,llUlt

D,IIOOO

D,Z4000

D,DllXI

0,39000

1.32000
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Wetland Storage Capacity Data
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NOIE 41743: lriialob5lrocti>n r_ for "'-"'".5 1111>" is 0.2009.
NOT!: 41743: looal abstraction ratto for sl.Jbbasn -_Pond Imp- is 0,2009,
NOTE 10185: Fnishod cOfl'll\blQ _Ion nn"Post - l-ilch" at time 145ep201O, 13:44:00.
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HEC-HMS Input - Meteorologic Model Storm1 -100-year, 24-hour storm

WNI 0" L;...f- ~!J!>----t.~---_;"....-1.2Imp

~ tOlnu· 108.24

00s0'Pf0n. IQO.yrj Z.-Iv &1:_

~ SCSstarm
Ey1lpOltonll*""'" ___

..............' --Nore-

IN 5lptanu U S CI6t""""Y

~ Pit 't)!:N Compc>:1ert. e<w"-s ~. B.esuI. 1- t10lP

()~1iI1iit i~ +Q.<!;'~~"'+"i'~ l!ij81

l:"ale5 ~~~~~~~~~!\!!;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..,
l@jPond
IMIwotiand

'= <oJ MoteorologicModeJs

-;~§··'e
6~ SC5Storm

to ~Sl0rm2-10.2i

~£ .;e Storm3 . 1 ilch
~ U Control5podlicotions

'*' W nne-Series Data
c. 0 Paired Data

,ii ~ E1ev!tlon-Area Fl,IlCtIons

C..........",C"'""'-""_

~f~.

W~4156'1: CoUdnotlood ~harQetabiefareservoOr"Bloswale3",

WAANIIlG4156'1: CoUd not Iood oti:>n-dsclwQO table fa reservoOr "PcnI',
WAIlHlP«i.156'l: CoUd not Iood oIov~har!lll table fa reservor"8ioswale 3",
NOTE 10100: Opened rneteaologic modoI 'Stam1 - 100,24" ot tme 09Sep2010, 10:23:32,

BioswaIe 5
MH

II!IJPond
I!i!!JWetiond

',:,,:: 0 Meteorologic: Models
i:=! 1/f Storm1 . 100.24

6~

f' '* Stam2 - 10,24
(1.; Yh storm3 - 1 nch

,~. U Control Specifications

if Q nne-Series Date
L-;: W Paired Data

Eic'Yetkn-Alee hnclIc:tls

~ cc.roJte Re>\Jl$

-= Storml - lJlO.24
MelIlod T\'I'O I

DooIh (IN) :1.9

V'jo M Iczl------JJ~l---_\;,,.;f'---_;~

_"e,

_.'m;.

W~i1~lOlJtCf""ra'6ac'-tlev~oetlaDletor'r~

WARNING 4156'1: CoUd not Iood oIovetion-dsdlarge table fa reservoOr _ 3",
WARNING 4156'1: CoUdnot Iood oIovolim_ll" table fa reservoOr "PcnI'.
WARNING .156'1: CoUd not Iood oIovotia1-dschar1ll1 table fa res..- _ 3".
NOTE 10100: Opened rneteaologic modoI 'Staml - 100.24" ot tine O9SeIl2IJIO, 10:23:32.



HEC-HMS Input - Meteorologic Model Storm2 -10-year, 24-hour storm
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;0, 0 ConI:rol Specr<ations
ii:; U 1ine-serle~ Data
b 0 Paired Data

t±i ~ E1ev~-Plea Fl.Ilctions

CorT1lonents COITlIXJte ,: Resl..ts

I. ~ _ ..... r
W/lANlNG 4156'1: CoUd not load elevotlon-dscharoe table for roservoi'"Pond",
WARNING 4156'1: CoUd not load elevotkr1-<ischoroe table for rese.vor _ 3',
NOTE 10180: Openod mebocrologic modal "storml - 100.24" ot _ 09Sep2010, 10:23:32.
NOTE 10180: Openod mebocrologic modal "storm2 -10.24" <It _ 09Sep2010, 10:23:57,

D~liiIlt !~ +Q.ibt~_S
I't1
P<>!"d
Wot!and
~

j ~ Storll\1 • 100 2'1
- ~ 51""'02' 10,24

• ~ StorJll3· 1 Inch
Cnntrol Spo!dQt....

+ --.J Time-Series Data
- -J Paired Data

E1evotkr1-Ar•• R.r1ctJons

~~-
Precipitation

Name: Sl0rm2 - 10.2"

Method: Type I

Depth (IN) 2 6

1li:l1l----~P.----i;..ojF_--_,.,....-'"' 1""fI

_4 "'J.>

, ..... UjijIOflotlOa<fi ~"-lll(r___ T.
W_4156'1: CoUd not load eIev<lllOn-<ischoroe table for.....-"Pond".
W_ 4156'1: CoUd not load elevotion-<ischoroe table for roser..,. _ 3'.
NOTE 10180: Opened met8Ol'oIo9c~ "StCl'ml - 100.24- at tine 095ep2010, 10:23:32.
NOTE 10180: Openod mebocrologic model "storm2 - 10,24" at _ 0950p2010, 10:23:57,



HEC-HMS Input - Meteorologic Model Storm3 - 1-inch rainfall

_5
,~Wtl!ond"~'_010~_

" .;;t> Storm! " loo.~
5t:Lr'm2·10.21

,~~~·~m
SCSS\orm
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~ C_Ilt:<Ib

......."" SA:ann3" I In<h
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PI , 5C5 Storm

EVlPQlrons;>totiOnl -!<one-

~ -None

IN.~: U.!i. Cuol<lmlwy

AAN~l NIt: _iOP'Rl e·ti6leTor et...w
WARNING 41561: (cUd not k>adeIev~oe table for ,eservoi'"BioswaIe 3".

I
NOTE 101ll): Opened meteotoloQi< roodeI "Stll'm1 -100.24" at tine 09Sep2010, 10:23:32.
NOTE 10180: Opened meteoroloQic IOOdeI M5torm2 - to.24- at time 09Sep2010, 10:23:57.
NOTE 101lI): Opened meteoroloQi< roodeI"St0rm3 - I nch" at time 09Sep201O, 10:24:15.

[ill ~'fjI>w~. e-_er.~.~...... roois ~
Cl~'I~ i~ +Q.';'~I!!!JT+'¥~ l(illl:l!il
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,~~e5

iIIJPond
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1-:< U Meteorologic Models
i+t 9IJ' Storm1 . 100.24

,'ti *' St:orm2 . 10.24
i-I ~ storm3 . 1 ilch

G·
::t: '0 Control Specifications
't:: d Tine-Series Data

-:: u Paired Data

:1:/ :..:j Elevation-Area FlJ'lCtIon5

~(~'Re"'"

PreCIpitation

Name: Sl0rm3 - 1 im:h

Me<ilod: Type l

Depth (IN) I

_5 eN _5 Imp

I
w N~fSb.f:t::1IiilIiJl'lCt lo«fe~oe"iflie""'1or-,ese,WI"~

WARNING 41561: (cUd not k>ad elevation_oe table fll' reservoir _ale 1'.
NOTE 101ll): Opened meteotoloQi< roodeI "Stll'ml - 100,24" at tine 09Sep2010, 10:23:32.
NOl£ lOlli), Oponod metooroloQi< roodeI"Stll'm2 - 10.24" at time 09Sep2010, 10:23:57.
NOTE 101ll): Opened me<.oroloQic roodeI"StormJ - I nch" at time 09Sep2010, 10:24: 15.



HEC-HMS Input - Control Data

.:' to

Ham", Conbol I

Qo,aoptoon. Ilurobon

Start Date (dd,..,..."YVVY) tOJan2020

start Tine (t-li:rrm) 06:00

End Date (<JdI.'MMYVYY) 12Ji<1202Il

[oj Trne (H-i:mm) 06:00

Time Interval: :3 """"Li:es

NINU~l:;M. Iif~_~~'-"Ponr.

WAANINCi 41561: Could not load elev~on-discnal'Qe table for reservoir ''Bloswale 3",
'NOTE 10180: Opened meteorologic model "Storm1 - 100.21" at tine 09Sep2010, 10:23:32.
NOtE 10180: Opened met:eorolCl;lic IOCldel "Storm2· 10,24" at time 095ep2010, 10:23:57.
OOTE 1011lO: Opened """'oo,oIogic model 'Storm:l- I ilch" .t tim<l O9Sop2lllO, 10:21: IS.
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r.....~0at6
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6) SCSS\orm
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st.rt DaU!(~ 10J0n2D20

5U< T"",~:",",) Oliloo

EM""'"(~ ltlon2D2O

End r"",(ffl,"""l 06:00

Trno It"il::OP"l'all I i'tIIrIJ:e

_'II .thJclnotbo<r~nirQetililO1iif.- or.
NOTE.IOI80: Opor,ed -..o;c modeI'Storml • 100.21"1It_09"...,,~110, 1~23:32.

OOlE 1011lO Qoenod~modeI_-10.20" OltlmcO'JSep2l110, 10:23.57
NOI£ IDlllO Qoenod _aIo9i<modol"5t0n03·, 0ltW' Oltimo1l95ol>2010, 10:21:1.5
NOTE 10181: Opened conlrd Sl>O<fiallars"C_Z' ottilie 0'JSep2l110, 10:25;2).
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Description Key for HEC-HMS Input/Output Data

Hydrologic Element Description
1+2 Drainage area flowing to Bioswale 1+2,.,

_"
4 Drainage area flowing to Bioswale 4
5 Drainage area flowinq to Bioswale 5

Pond Drainage area flowing directly to Pond
Wetland Drainaqe area flowinq directlv to Wetland

Bioswale 1+2 Flow from Bioswale 1+2 outlet (to MH1)
Bioswale 3 Flow from Bioswale 3 outlet to MH2)
Bioswale 4 Flow from Bioswale 4 outlet to MH1)
Bioswale 5 Flow from Bioswale 5 outlet to Wetland)

MH1 Flow from Bioswales 1+2 and 4 (to Pond)
MH2 Flow from Pond and Bioswale 3 (to Wetland)
Pond Flow from Pond Outlet (to MH2)

Wetland Flow from Wetland (set to 0.0)



HEC-HMS Output - Pre-Construction 100-Year, 24-Hour Flow to Wetland

I I ,
Ele !Odl Y:1eW C""ll'lf1OIt$ ~emeters C.....e ~. 1_ tielP

D ~ 'I ~ ,, + (" "'eJ • ...,
" l,() Ex 10 24 ,J'c. l,() Ex 100 24

Ci Global SUnlnary "'ojed: 0aIdey2
~Dr~Area

-, l!!!! Wellond SltWalIon R..,: Ex 100.24 Rese.....o'r: wetlond
j§Greph

Cl§'@@ldlffl§' start of R..,: 10Jan2()20,06:oo 80sin Model: 80sin 1 - Exismg
<2J Tine-Series Tollie ~afR\.n' 12Jan2020. 06,00 _obocModol. stonnl-IOO.l4
~Oulflow C<lnpD Time' 13Sop2QI0, 13:113.51 eat""Sj>od_, CJr4rcl1
I!CJ Combloed InFJoo..
I!f;ISteo"9" ......... 1.Jnt£ • IN AC-flI!i'Jl Pool E1evoOOn

';I!G Reservoir Are"
'J

CnmcxAedP ,
Componerts CompLt.e Results

-- ~ .,.
Pook_ I 12.2873(CI'5) Oete/T..... 01 Peak _ I 10Jan2020,16:15

PllOkPulllool' 0,00001~ Olltojl""" oIPeo1LOulflow , 10J,>nZ02ll, 06,00
lotel1Ll/low, 1.3321 IN) -.sl"""lO' 2.792 (AC'fT)
TouIo.JfIow I 0,0000 ON) Pe.>k.£levellon , 91l2(J'l)

NOTf11743' lrIltbI ebstJo<tJon redo reo..-....· .fond eN"" 02001 ~
NOTE '41713: Initial ~tractionr«io for SIi:lbasil._" eN" is 0.2.
NOTE 41743: lritial abstroction ratio for slbbasln"_'tin¥>"' is 0.2009.

-='NOTE 41743: I~ ebstractton rot» for slbbasil"_1+2 CN- is 0.2001.
- NClTE 41743: lriti."'b,t,o<tiooredo feo ..-" 1+21n1>" is 0.2009. ..,

Volme li'lI:s: 0 IN ~) AC-fl

IOJ""202O,16:15
IOJan2020, 06:00

8_ Model: _ I - Existing

MeIeorob!;c Model: Storml - 100.24
Conlrd SC>edicetionS: COntrol 1

SinUation R..,: Ex 100.21"'ojoct: 0aIdey2

Start of R..,: 10Jen2020,06:oo
End of R..,: 12Jen2020,06:ooC_Tine: 13Sep201O. 13:03:51

H';d-dooc or..,. Aru IPNl<Oisdwoo
=EIemenl-=-;-_ <l'1I1) (CPS)
Or""""l'l Ar.. 0.0393 12.2873

~ 0.l1.l9J 0.0000

Ex 10.2'
GIobaISlmMry

Or,",-ArM
w.Iln:t

Ex 100.21

or_ArM
IWetland

_Graph
DS<mMtyr~

~Time-_T_

~Oulflow
ijJC<l<ntltnodW1ow

C~ CD!I\lllJtO IIed:s

fii'fE 41743: f~OiitiOctiOOratiO,o,sit.b_ .. Pond eN"iS 0.2001. -----

fNOTE 11743: lnitid ~r«tion,etto for Sl.i:lbMi'l"=" eN" is 0.2.
'NOTE11713: II'lIMI~r8CtionratlofOl"Sl.t:Jbash-4~·isO.2009.

iNCITE 41743: IritieI ebstrectionretiofor..- ·=1+1 eN" is 0.2001.
;NOTE 11713: InItis ebstrectJon ratio for sl.i::Jbasn -_1+2 IIJ1)- is: 0.2009.



HEC-HMS Output - Post-Construction 100-Year, 24-Hour Flow to Wetland

- IlEC IlIolS J 3 Ie \J·....c ..\163994 R"tlbocl, O.kleW\OM.leW2\O....'.W2 hOI. I ~15:1Ii1

BasIl Model: 94s:n 7 - recorliglse
MIot...-olo\llC:~ 5lorml·100.2i
Conttd~cor.trcI2

Od,e(rml/ rJ Poeklnlbw. 10lM20lll,!5:57
Ool.(l)no d Poek Ot.tflow i 10Jan2020. 06:00
I'0oI< 5l0l"O": 3.2Ol(0Ie-FTJ
P Devlillon , 9.'13 (FT)

smJalIon Rtn: Post - 100.24 ~: wetland

Project: o.I<ley2

Wlow I 1,11'108 (0'5)
P 0lJ1tIow I 0,000lJ (0'5)
1 Wlow: 3.202 (0Ie-FTJ
T Oi.tficM' 0000 (AC-fT)

St«t of R....: 10Jan2020. 06:00
fnd of Roo 12J<0n2020. 06:00
~1_14~10.13.4J'$6

SUIn1tMY Il~a.un, fer ne..c,W'OII' 'WeUamr rr !!

))E417 3' lfiiOIilbotr.c\'o'''llIof....~ J'OiidtN'''0.2ooJ
NOTE 41713: l11ItlaIobstt.""""otioforS<bbo.., '_4 CN"is 0.2.
NOTE 11743: Inil:i5 etroct6onratlo for sWbasi'l" .. IJt1)-is 02009.
NOTE <41743: llitial abstractlonrotlo forSli:lbasil "-1+2 Ol'isO.2001.
NOTE 11713: InItitJI abstroctlonratlofor~":1+2~· is 0.2009.

.,. l;ii Post - 100.24
[4 GIoba/ Su"","",
~_1+2CN

~_1+211J1)

~_"CN
~_4IJ(1)

~_5CN

l~";' _SIfTll
~_PondCN

~ _Pond Imp
~ _Wetland
~Bio5Wale I
l@J Bioswale .,
'-!Bloswale5
2f? MH

• II!!!! Pond
- l@J Wetland

I§JGraph

D§iillhfii"It'
~ Time-series T~ble

Componerts Compute Results

"'*"'"W;-FTJ
1,'!54
0.229
o&Ill
010'1
0.786
o.Zlia
0.19'1
0Cl21
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1.611Z
0,7'.i2

1.7-16
2.7901
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0,000

5iTUation Roo: Post - 100 24

Bosh Model: 80M 7 - recoriq.Jre
Meteorologic Model, Storml - 100.21
Conlrol5pedficotions, Conttd 2

IOW1202O.1MJO
lll.lat\2OZO t 15159
Illlon202O, 15:59
Illlon202O, 15'59

Illlon202O. 16:00
IOJon2ll2O.15'59
10!on2&o, IS'S;
10J0n2020. 15:$6
10J..>lCl2o. 15,57
Illlon202O. 18:11
110~Jl103

1~16'O4
i·I~,1931

11Jan2020, OS:J9
Illllo12lI2O.06:oo

Project, Oakloy2

Peak~\lO

(0'5)

11.9565
1.8262
5.5568
0.8301
6,5427
1.6602
1.6852
0.1818
3.64'16
1.5088
0.8542

7. 1
1.1m
0.6199
0.000lJ

StOll of R,-", 10Jon2020, 06:00
End cI RlX'l: 12Jan2020,06:00
Con'jxA. Tome: 145ep2010, 13:43:56

Hydrologic 11Ir-.-
Element (Ml2)

_1+2 CN 00161
_1+2 Imp 0,0011

_' CN 0.0062
_'Imp 0.0CXl5
_5 CN 0.0085
_5 Imp 0 DOlO
'yond eN 0,0025

_Pond Imp 0,0001

_Wetldnd 0 0016
Bioswale 1 D.Ql7S

Bioswale 4 0.0067

Bio$Wale 5 0,0162
.., 0.0363

Pond 0.0118
Wetlar-d 0,0411

!

ComjXlFlents Compl..te ReslAts

Ele £<it 'I)"w cc.nponert. eor-... Con'jxAe ~esuI. loois tle\:l

D ~ iii ~ : ~ + ' "'" "" l!III "t' '\. "'r;'; '<J [4 ~ mJ ~

..J o.I<ley2 ,.BmlBlllllI!llDDl:I:Ill!IIC!l!IIlm:.C'JD••••••••••••••••••••L\!!lli![;;I11
.:.; -.i Siml..IatiCflRlJlS

.. ':() Ex 10.24
•. I;(l Ex 100.24
• I;(l Ex I-net>
.. l:() Post - 10.24
- 1<J Post - 100.24

Gift!' lit! M.pi
~_1+2CN

J!;. _1+2 Imp

6._4CN
~_411lll

~_5CN

~_5Jmp

~.?cn:jCN

~_PondImp

b_Wetland
_Bioswale 1
WjBiosPfI.Iale4

il!J Bios....1e 5

fOOTE "-li't3: Irlitial abstroctJon ratiofo;s~· _POnd CN"-io-.2lXJi. --- - 
iNOTE 41743: lrOboIobstTaction,otiofors_'_40( is 0.2.
lOOTE 11713: Irti!ll abstrocOOn ratio ~or S4ilbasin._1 Ifill- ~ 0.2009.

-- ---



HEC-HMS Output - Comparison Graphs 100-Year, 24-Hour Flow to Wetland

Pre-Construction

,
00:00

I 12Jan2020

1

12:00
l1Jan2020

Run:&: 11X12.. 8emInt:WEJl.N,lO RuuIt:flooI a.QtIon
___ ~:er Ito 24 BtmInI:'WEJ1.NlD R.tsui:Ccmbintd

00:00

I

Reservoir "Wetland' Results for Run 'Ex 100 24'

12:00
1OJan2020

leQend (C~e rrne. 135ep2010, 13:03:51)

- - RlrI:& 100 24 8MIent:WET1.NfD ReM:Storaot

-- "-':& 100 2" ~:WETL.NtD Rts\&:CUftoc

~ 30J 1
950

~20 f
~ 7 00 :w~
~ 10
8

en 0.0 ""=~~~~~;~~~~;i~~1===============~4.5014 r

12

10

~ 8
~ 6
~u: 4

2
O.,l....---!'"'"""'....!.------r---3---

c~s C~e ResUts,

E,iIe ~(II: ~w Componens e.aremel:ers Compute B.esots Ioo!! !jelp

D ~ ~ ilt ~- + Q. ~ ~ IlliI1 "l" ~. '!' ~ ~ ~ Ii E ~

UOol<ley2

= u SimuIaOOn RlI:lS

'" ~Ex 10.2'
'" ,.:() Ex 100 2'

Ci GoboISlm'Mry
~ DrairlaQe Afea

c ~WetlondI§-
C!SunmaryToble
<,!jrrne-SeriesTllblo
[fiIe>..tflow
!i'li Combined Inflow
I!fu Stor'Qo
I!fu Pool Elevabon
~ Reservoir Area

• ~ Ex l-nch
+' ~ Post - 10.2'
•., ~ Post - 100.21
'j; l.:() Post - I-inch

OOTE 11743:'1I'otiiii iibSir",fiiin ,Ot;Ofoi ~sili-·.,PoOd or ~ 0.2001:
NOTE 41743: Initial abstraction ratio for sl..bbasi'l"_1 eN" is 0.2.
NOTE 11743: Initl~ obstraction ratio for subbasi'l"_.. Imp" is 0,2009,

Post-Construction

12Jan2020
0000

I
12:00

11Jan2020

--""-,,
'-

00:00

I

-----

12:00
1OJan2020

LeoendlC~e T....: l1Sep20IO, 13,13,56)

- - - - Rwl:Post· 100 M BamIrt:WETl..NIID RItAl1t:~

RwJ:Post· 100 24 e"ITIIIt:WE11.AHD Rtsuft:Pool Btvaton

-- RwJ:Post· 100:H Bemenr::WEIl..JWD Resul:Olkf..

Reservoir "Wetland' Resutts for Run 'Post- 100 24'

~30l !879[;
~20 664~
~10m
oIi5 L...- _

50..------,----------------------,

40 I
~ 9.0 :1o 1'__

i 2.0 I

u: 10 I
~/ooJ-..~-"T"'~----_,_-----__r------r_----'

~_5CN
~_5JfT1J

~ _PtncICN
<td'ondImp
~_WeUand

~Bios",,1e I
ItIJ Bio,,,,,1e 1

i@!iBios""IeS
"fiMH

t· i@!iPond
c' ~Wetl,nd

~-DScmmaryT_
<,!j Tine-Sofies T_
[fiI<MfIcw
[fu CCIIOOined IrIlow
~5torOQO
!G Poo4 Elevoticn
[fuR_Are,

" ~ Post • l·inch

Components. C~e R_

r'l(HE 117,J: Irma! obstrO<llOn robo I...~ ,.Pond CW' • O.2(XII.
NOTE 41713: Irtlllllobstrll<tlonr_forS\ilbosin "_" ell' .. 0.2.
NOTE 4'743: IrititI obstrll<tlon r",",!orsUlbosin "_"1~'" 0 2lXJ9.



HEC-HMS Output - Pre-Construction 10-Year, 24-Hour Flow to Wetland

- lite IlHS 3.3 lC;\ 1'1.",<..\1&399-4 R.d>oc~ Ooklcy\OoUcv;>\o.",,,,,Z.hn,,1 /!l1C /i1

SinWlion Run: Ex 10.2i Rose<VoI': Wollond

I'lojoct: 00Idey2

Volune Units: (£~ IN l: AC·FT

Basill'<xlel: BoroI-ExOlilQ
MeteoroloQic Model: Sl0rm2 - 1O.2i
Clrirol5pecf'<atOOs: Control I

SlOlt of Run: 10J0n2020,06:oo
End of Run: 12Jon2Q2(J, 06:00
ComptM llllO: 135ep2010, 13:03:'18

CompUl:ed Results

SummllryV.e.ult.,o, "*"'WO" "Wcll-.fr ~~

D~'I~:\ +
0001ley2
',0'5<nu1otionR""

-0 l,() Ex 10.2i
Gi GIoboI S<..mmory

~ Drainage Area

c' I!!!J Wetland
~Graph

Cl4i'''fIlWAiWJ
~ Timo·Series Tobie
1!lb000flow

I!lb Comb;ned lnfi<>.ol
I!l'iiSlOl'a<;Ie
I!j] Pool Elevotion

I!EiJ Reservoir Aree
.. f;() Ex 100.2i
't! J.() Ex l·inch
• l,() Post - 10.24
• r.u Post - loo.2i
,•. r.() Post - 1-;"h

Components Compute ResLJts

Peol< trllo,,": 3.5752 (CFS)
Peol< Outflow: 0.0000 (CFS)
Toto!lnfi<>.oI: O.558i (IN)
Toto! o..tflow : 0 0000 (IN)

Dat:e{rme of Peak Inflow : lOJan2020J 16:18
Date/Une of Peak Outflow : 10Jon2020, 06:00
PeakSlOl''''l'': 1.170 (AC-FT)
PeakEJeyation: 7.31 (FT)

I~~::~:~: -=~~=;:;:=:_~~.~.0.2001~ - --

lHOT£ 41743: lritiaI abstr-'Cbon rotio for sLilbasil"=4 In1>" is 0,2009

Volume ll'1ts: 0 IN (! AC-FT

_ D!<th.w1lO nneor Peak

(CPS)

3.57~ 100..-=.16.18
0.0000 10J",-'tW, ~'OO

VaI..me
(A(-FT)

1\70
0.000

Ilosin Model: Ilosin I - Ex&ilQ
MeteoroloQic Model: Sl0rm2 - 1O.2i
Clrirol5pecfic:atOOs: Control I

snuatil::ll RUl: Ex 10.24Projocl:~2

Slort d RlIl: 10Jan2020,06:oo
End of R\XI: 12Jan2020, 06:00
Compute Timo: 13Sep2010, 13:03:48

Hv<roIoQt IClrI*>ago 1>104
Elem<r-< (MI2)

c..1nage Ilr'no 0.0393
'w.tl.nd 0.0393

I
I

1

D ~ 'I ~ i\ + '\ '*- '.....
0001dey2
'" ;;J SimuIalion R""

,., l;() Ex 10.24

CiIf#fflk §!!!I! fi
~DralnalJeAr~

~ I!!!J wetland
~Groph

D Sum"",r. Tobie
~ Tine-Series Table

I!lb Outflow
I![jj Combined In~o,,"

!O Storage

I'Ci Fool Elevotion

I!G,] Reservoir Area
- r.() Ex 100.24

Gi Global Surrrnary
~ DroSiNige Are"

'c I!!!J Wetland
IGl Graph

D Summory Table

C~ COIIllllJ:e Re5<k
- --------- -

-

~NOTE 41743: 1titiaI abstraction foOo for Slbbasi'l W Pond at is 0,2001,
NOTEi17i3: 1riOoI obstroctiorlrotio fOl'~·::i CN"~0.2.
NOTE il743: lrOtio! obstroctiorl ratio ~or ~:_4~. ~ 0.2009.



HEC-HMS Output - Post-Construction 10-Year, 24-Hour Flow to Wetland

I . ,
[Ie ~ '{lew ~. ear-- Con'9-J:e ~esuls 100ls ~

[) ~ ~ .'J ~ + -.. • '\0' "7' ;,t, ~ Gi ~

- ~ Post· 10,2.

]Gi GobaI SuTmary
6t_1+2CN

Project:~2
~_1+2IrflJ

~... _"CN
,;._.~ SiTUation _: Post • 10,2. Reservoi':WotIon:t

b_SCN
~_5IrflJ

5I:/lrt of Run: Barn 1'000I: Bam 7 - fecoriiglwal~_PondCN 10~,06:oo

~_PondImp
End of Run: 12.lan202OI 06:00 Moteorolo9ic Model: storm2 • 10.2.
Coo¢. Tom.: 1.5op2lJIO, 13:.3:52 CcrtroiSpociicot"": Ccrt,oI2

~_Wetlond

i~Bioswalel

~Bioswale4 I
Volume Units: C IN (') AC-FT\@j Bio5W~1e 5 I

"f-MH
Computed Resu"sl!!!'J Pord

- @jWetlond
tel Graph

Cl§ll.j!nMNt:!t'
~ Tine-5eries T~e v Peal<. Inflow: 2 In. (CF5) Dote{Tine ci Peak Inflow : 10J0n2020, 15:58

Components CompLte Results Peak outflow: 0,0000 (CFS) DatefTrne d Peak Outflow: l0m2020, 06:00
Tota1n11ow : 1.681 (AC-FT) Peak storage: 1.681 (AC-FT)

I
Totol OLtflow: 0,000 (AC-FT) Peak Elevation : 1,92 (FT)

~NOI£.m3: lIQjollitr"lIi>i»otiO~..POncfCN·iO.2l101
._---

bNOTE .17.3:~ _ocbOO,.".f...~·_. CI{' 100.2.

-- r
NOTE i17H: ~ _octiln ,otjo fa- RtboOn'_.~ b 0.2009. ,,,

Volume I.i'ltS: i.....:-: IN (!') AC-FT

Volume
(AC·FT)

0661
0,153
0,317
0,069
0,364
0139
0083
0014
0.182
o B13
0386
0.889
1.499
0.686

0.000

Basi'l Model: BMil7 ~ recOl"f9xe
Meteorolo9ic 1'000I: 5I:orm2 . 10.2.
Corllrol5oedficoliorls: Ccrtrol2

SirlU-._: Post - 10.24

Tine of Peak

IOJan2020, 16:00
10Jan2020, 15:59

10Jan2020, 16:00
lOJan2020, 15:59

10Jan2020, 16:00
IOJan2020, 15:59
10Jan2020, 15:58
10.Jan2020, 15:56

IOJon2020, 15:58
JOJan2020. 16:56
JOJan2020, 16:32

IOJan2020. 17:16
IOJan2020, 17:12
11.Jan2()20, 06:08

IOJan2020, 06:00

Project: 0akI0y2

5I:/lrt of Run: 1OJ0n2020, 06:00
End of Run: 12~, 06:00
Coo¢. TImO: liSep20lO. 13:43:52

Hydrologic ; Dr~ina~e Area Peak DischafiJe
Element (MI2) (CFS)

_1+2CN O.ot:~674-1~-:4.65M
_1+2 Imp 0,0011 1.2175

_4 eN 0,0062 2.1882
_4 Imp 00005 0.5534
_5 CN 0,0085 2,6537
.51mp __ 0 0010 1.1068

_Pond CN 00025 0,5741
Pond Imp 0,0001 0,1212

=Wetland O.OO1S 1.3663
Bioswale I 0.0175 1.0210
Bioswale 4 0,0067 0.6389
Bioswae5 0.0162 1.1510
f'I1-t 0 0363 1.1435
Pond 00188 0.2723
Wetland O.Mll 0.0000

I

..J OoIdey2
w SimuIaOon Runs

'~Ex 10.2.
~Ex 1002.
~Exl-"""

- ~~ Post - 10.2i

~*m'e'jih.gifl
~_J+2CN

~_1+2Jmp

~_"CN
,;. •• Imp

~_5CN

~_5Jmp

~_PondCN

t£.,. _Pond Imp
~_Wetl<lnd

I@} Bioswtlle 1
I!lIJ Bio<wole.
• Bio<wole 5

"f-r-ri



HEC-HMS Output - Comparison Graphs 10-Year, 24-Hour Flow to Wetland

Pre-Construction
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I
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>:u Ex I-inch
- >:u Post - 10.2.
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Co~onenl:s Complte ResLAts
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I I.
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legend (Cll<Tl/lt.te Tune: 14Sep2010. 13:43:52)
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Gi Global 5uim\ary
~_1+2CN

~_1+2Imp

~_'CN
~_4Imp

~_5CN

~_5I~

~_PondCN

~YcnjImp

~_Wetland

WI! Bioswale1
~Bloswale4

~Biosw"'5

'l'MH_Pond
- ~_Iand

\GlE
DSummaryTa:.Ie

Components COf'I'll:de ResUts

fJIe ~ 'f!eW ~. eor- C""""e ~ lools tjelp

"f ~ ~
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- -- Run:POST· 1024 e.m.rt:wETLAHD R.su1I:CombinId"flolI



HEC-HMS Output - Pre-Construction 1-lnch Rainfall Flow to Wetland

[ite gil: ~evv Componerts e.arametets COlT'4llle B,esuls loots t!elp

DI<l:IIiiIJ

Project: 0akJey2

Si'rdationR...,: Ex 1·i1d'l Reservoir: wetland

Volume Units: C': IN (£) AC-FT

..J~y2

c' ~ Si'nuIalionR<.n5
:+ ~Ex 10.2'4

Ex 100.24

Ex HIl,h

~ GIOOaI Surrnary
~ e-aNJOO Area

- I!!!1Wedand
§Gtoph

LlQii"i,J.".t&'
<2J Time-Series Tobie

1![]000fiow
FEI Combined Inflow

f"1) Stor~ge

I![] Po," Elev.too

f'[j Reservoir Area
+- ~ Post - 10,24

t;(J Post - 100.24

l:(} Post - 1-;"ch

Computed P.esults

stort rJ Run: 10Jan21l2O,06:oo
End rJ Ren: 12lan21l2O, 06:00
Co"""",e Time: 13Sep2010, 13:03:55

B""" Model: Basin I • EltistirQ
Meteorolo\jic Model: storm3 - 1 001
Control Specfitations: Control I

Components Compute Results
I Peek Inflow: 0.2706 (CFS)

Peek Outflow : 0.0000 (CFS)
Totollnflow: 0.064 (AC-FT)
Totol 0ltfI0w : 0.000 (AC-FT)

DatefTime cI Peak Inflow: 10Jan2020. 16: 12
Date/Time rJ Peak OUtflow : 10Jan2020, 06:00
Peakstoroge: 0.064 (AC-FT)
Peak Elevatoo : 5.13 (FT)

,NOTE 100JB: Finished oper-;ng project ·OakleyZ· in drectory ·C:LProjects\l6399'! R_OakJey\Oa\dey2" at time 14Sep2010, 15:%:28.

[lie ~ }1ew Componen:s eetewnet:ers Compute B.esuts Iools t!elp

SinUatiorlRl.n: Ex 1-001

Volume
(AC-FT)

0'.064
0.000

Time of Peak

.1
10Jan20io!" i6':"L2

.~~~~2~, 06:01)

Basin Model: _ 1 - Exislir9

Meteorolo\jic Model: stormJ - I i1ch
Ccrtrol5pecticotiorls: Control I

Peak DIschorIll
(CFS)

0.2706

0.0000

Volume Unts:

Project: OakJ0y2

stort rJ Run: 10Jan2020, 06:00
End rJ Run: 12Jan2020. 06:00
ClJlllll<lle Time: 13Sep2010. 13:03:55

Hydrolooic ! Drainage Are&
EIemert i (M12)

Dr~'~'ge Are~' '(j,'0393
WOt!an<1 0.0393

C~ ClJlllll<lle Resul:s

DB:riiilJ
...J 00Idey2

- -J Sinulation Runs
• I~EX 10.24

l.(l Ex 100.24

-; t~EX Hnch

Giftt,H,..,¥i@
~ Drallage Area

- 1!!!1 Wetland
IGJ Gtaph
C] 5u~ryTable
<2J Time-Series Table

I!fu OUtflow
I!D Combined Inflow
I!Q Stor.ge

I!i3 Pool Elevation
Fbl Reservoir Area

• l:(} Post - 10.24

~ Post - 100.24

l~ Post· I-mh



HEC-HMS Output - Post-Construction 1-lnch Rainfall Flow to Wetland

Ci •••

Pl'oject:~2

YoIt.me Units: C) IN (:) AC-Fl

Stllrt 01 R",,: 10Jan20Z0, 06:00
End 01 R",,: IZJan20Z0, 06:00
Canpulo r...: 14SepZ010, 13:44:00

Basil Model: BaS., 7 - recDl"iQxe
Mot....oIo9i< Model: Storm3 - 1 nch
C_oI Spedf~.tions:CcrirolZ

Date/Tine c:J Peak Inflow: 10JM2020, 16: 10
Dale(Tlme 01 PeakQutflow '10lon2020, 06:00
Peak Storage : O.ISO(AC-FT)
Peak Elevation: 5.30 (FT)

Peeklnfk>w: 01719 (CFS)
Peekoutfk>w: a 0000 (CFS)
Total Inflow: a ISO (AC-FT)
Totel C\tflow: 0.000 (AC-FT)

Computed Results

I

I

.1

I

~_'Hf11l
~_5CN

~_s~

~_PondCN

~_Pcn1tmp

~_Wetland

IMi Bioswale I

IMi 8ioswale 4
~Biosw.5

~:JMH

IMi Pond
- IMiWetldnd

I§Graph

c::IWiy'¥;"W'
<;!J Tine-Series Table
I!i';;J OJtflow

["[]I COOlbined Inflow
!flIStorage

fr::I Pro Elevetion
l!fu Reservoir Area

Components Complte Resl.lts

jNOTE 100C6: FinisIled ~"II prolert "OeI<leyZ" f1 d<ectory "C:LPl'ojectsll6399'1R_OeIdey\Oeldey2" at lime 14SopZ010, 16:09:25.

~ + (

HydrobO< l0< ~A>oa -(~h.Yqe1
Time of Peak VoUne- (AC-FT)

_!2:Z CN 0.015. O.CI3lI6 t.!..~OO:51 0.034'
_1+2 Imp 0.0011 0.4683 lllJeinZ02O, 15: 59 0.D69
_4 eN 0.0062 0.0Z87 liD1.>n2iiio;l8:2O O.(J;lII
_4 Imp 0,0005 0.2128 11OJoo2II2O,15:59 0.0Z7
_SCN 0,0085 0.0Z35 10Jen2DZ0, Z3:J2 0.022
_SImp 0,0010 O~ 110~,~:59 0~053
_Pond CN 0.OOZ5 0_0034 FJ1J~:oZ,og o.oOZ
_Pord lmp 0.0001 0.0466 .O~,IS;S6 0.0r5
_Wetldnd 0.0048 0.0096 llJan20201 01\ 10 0.008
Bioswale I 0.0175 0.1719 10J0nZ020, 16:10 0.092
_wale. 0.0067 0.1166 10JanZllZO. 16:08 0.054

'-. _waleS 0,0162 0.233'3 loJ.n2ozo,16:13 0.129
MH 0.0363 o:I7i9 10J0nZll20; 16:1-0 0.1<13-

Pond 0.0188 ---0-:0409 1Ue.0'i2o;D6:.9 0.050
Wetland 0.0411 0.0000 lOJ.!in2020.06:oo 0.000

VolLme UrOts: 0 IN 0 AC-FT

Besin Model: Besin7 - ,e<onfgo..-o
Met....oi<>;;c Model: Storm3 - 1 nch
Control 5pecl~alions: ConlrolZ

Pl'oJed: 0aI<ley2

Stllrt rJ R'-": IllJanZOZ(), 06:00
End rI RtI'l: 12Jan2020J 06:00
Comp.JI:e Tire: 145op2010, 13:41:00

J [1 B '_

I

C1~'I~

~Ex 100.24
• ~;(1 Ex I-m

1;(1 Post - IO.Z4

+ );(l Post - 100.24

- 1;(1 Post - I·nch

Ci@t,"!,,!,,!iii
~_1+2CN

~_1+2Imp

~_4CN

~_41mp

~_5CN

~_5Imp

~_PondCN

~_Pondlmp

~_Wetland

t.J Bioswele 1
t~Bioswale4

~:SWale5

t.JPond

C~ Comp.JI:e Resuls

1- -

iNOTE l00C6: Firished qlOflng project "OeideyZ" f1 cirectory "C:LPl'ojects\163994 Redlad< Oeldey\OaIdey2" at lime 14SopZOl0,r6
:
09

:
25

.

I



HEC-HMS Output - Comparison Graphs 1-lnch Event Flow to Wetland

Pre-Construction
I I

[Ie !;dl )[iew Component. e..._. CD""ute !!.e.lJl. 1001. tjolp

~13r:~m~

Reservoir 'Wetland' Results tor Run 'Ex l-Inch'

o
~ 0 OBI 15

117 ~
~ 003 5,049~
B _. W
if) 000 '---.....:.--------------------' 4980

~ ::I I~ 0.4

LL 0.2 f\
00 ~-~-"''''IF",-:.J--=-=~~Ir-=-=-:';-::'''·--_'ir_-----__'ir_----'

12Jan2020

00:00

I
1200

llJan2020

00:00

I
12;00

lOJan2020
Legerd(C~. Tme: 13Sep2010, 13:03:55)

Rlsl:EX I· INCH e.rn...WE1\JlrHD Rtid:91cnue

Rl.rI:EJ( l·INCH e.m.nt:WETLAHD ResuI::PooI Btwtlon

-- Rurt:& 1-net. BamIn.:WE'Tl.AHO Ru....:~

- - - Rurt:El1·INCH 8Iment:WErl..NlD Red:Con'tintd~I

-J Oakleyl
- SinUationRlJ'lS

r.o Ex 10,Z'
';U Ex loo,Z.

- ';U Ex l,ildl

[j Global Summary
~ Drain!Qe wea

- I;,i,J Wellonel

I§~
o Summary Table
~ Time·Series Table
Iif:) Oulfk>w
I!Q Combined Infk>w
l!LJ Storaoe
I!Gi Pool E"vation
ITQ Reser....olf Area

i;U Post- 10,Z4

• i;U Post- 100.24

- r~Post-I-i:lch

[j Global Summary

COf11)OI1ents Compc.te R.esult:s

NOTE loooa: Fini,hed openin<j project 'OakJeyZ"In directory 'C:LProjecl,\163994 RadbackOal<Jey\Oo~ey2"at time 14Sep20IO,
1&:09:25,
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HEC-HMS Output - Post Construction 100-Year, 24-Hour Flow Bioswale 1-2
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HEC-HMS Output - Post Construction 100-Year, 24-Hour Flow Bioswale 4
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HEC-HMS Output - Post Construction 100-Year, 24-Hour Flow Bioswale 5

f.iD f;K i1cw' ~s !:ararnelers Cof11:de Resuns lods Ijetp

Basin Model: e"sin 7 . reconfiQure
Meteorologic Model: Storm1 - 100.24
ControlSpeeificotlons: Control 2

DatefTine ri Peak Inflow : 10Jan2020, 15:59
DatefTine of Peak O\tflow : 10Jan2020, 16:01
PeakSta-age: 0.166 (AC-fT)
PeakElevallon: 11.85(FT) ...... _

smJiallon R....: Post· 100.21 R_: _ 5

Project: 0aIdey2

R.\M:: 1'\.5
.. w:' 11.,\5'

Peak Inflow: 8.8906 (CFS)
PeakO<tlIow: 7.1081 (CFS)
Total Inflow : 1.716 (AC-fT)
Total OUtflow : 1.716(AC-fT)

Voh.Jme Uni:s:

Stort ri Run: 10Jan2020, 06:00
End ri R.... : 12Jon2020, 06:00
Compute Tine: 115ep2010, 13:13:56

Computed Results

I

i

D~'1~

~Ex 100.21
~Ex l·neIl
~:() Post· 10.21

,. ~ Post· 100.21

Ci GIOOoI Sunmo<y
.;;. _1+2CN

~_1+2Imp

~_4CN

~_4Imp

~_5CN

~_5Imp

l;" _Pond eN
~_Pondlmp

t!~ _Wett"nd
+ ~Elloswale 1
... ~Bioswale4
- I!!!J Sioswale 5

121 Groph

D
~ Tine-Series Table
I!Q O\tflow
[fiI co<rbined Inflow
Fc:!Storage
~ Pool Elevation
mReservoir Area

I¥J~

OOTE urns: Frished llpef"O>;j project ·Oakley2" n drectory "C:LProjects\l63991 Radlack OakIey\OakIey2" at tine 115ep20lO,
16:09:25.

-- - -- . • 1

HEC-HMS Output - Post Construction 100-Year, 24-Hour Flow Pond

Sm.latlon R....: Post - 100.21 Reservo~: Pond

Project: OaldeyZ

Basin Model: B4si1 7 . reconfigure
Meteorologic Model: Storml· 100.21
Conttol5peciflcali:>ns: Control 2

DatefTineofPeakJnflow: 10Jan2020,16:03
DatefTine of PeakO\tflow: llJan2020, 05:39
Peak Sta-. : 1.517 (AC-fT)
PeakElevation: 12.02 (FT) ..4...----

\1..0

'" ~ ".O't'

Vobne l.ds: 0 IN '!,. AC-FT

Peak 1nfIow: 8.1911 (CFS)
PeakO\tflow: 0.6199 (CFS)
Total 1nfIow: 1.961 (AC-fT)
Total 00.tfI0w : 1.112 (Ae-fT)

-'\t"\ ~

St<l't ri R : I0Jan2020,06:oo
End ri R : 12Jan2020,06:oo
COll1IMe TiTle: 1150p20IO, 13:13:56

COl1'puted Results

....J Oa~ey2

:..; W Simulation RlSlS

~~ Ex 10.21
~:() Ex 100.21

+ )~Ex1·neIl

~ Post - 10.21
~ ~ Post - 100.21

Ci GIoboi SUlMIOry

~_I+ZCN

';;'_1+2~

~_4CN

~_1Imp

';"5CN
~_5Imp

~_PondCN

~_Pondllf4)

,;;. _Wetland
:. I!!!J 8ioswaIe 1
+ ~ 8ioswaIe 1
• I!!!J Bioswale 5
T~

- 1M) poo:J
I2IGroph

~~Tlne-l:i;Senes:l'~Table:!
iJ:..,.,....a_

OOTE 1000B: Frished 0Ilef1in<l project ·Oakley2" ndreda-y ·C:\.J'rojecls\163991 Ra<l>ackOakley\OakIey2" at tine 115ep20lO,
16:09:25.



R".A k",,,,~ O~l'f.{ Pr~J Co(..-\

pI'''] ~CA '4i I~)"~

Ck. c.( 11 (~

-:it P~3LJ .. ..~

5'"2. S"V0'. '00 '7



Chapter 2 Estimating Runoff

[eq.2-3]

[eq.2-4]

SCS runoff curve number method

The SCS Runoff Curve Number (CN) method is de
scribed in detail in NEH-4 (SCS 1985). The SCS runoff
equation is

[eq.2-1]

where

Q = runoff (in)
P = rainfall (in)
S = potential maximum retention after runoff

begins (in) and
la = initial abstraction (in)

Initial abstraction (lJ is all losses before runoff
begins. It includes water retained in surface depres
sions, water intercepted by vegetation, evaporation,
and infiltration. Ia is highly variable but generally is
correlated with soil and cover parameters. Through
studies of many small agricultural watersheds, I a was
found to be approximated by the following empirical
equation:

I a =0.2S [eq.2-2]

By removing I a as an independent parameter, this
approximation allows use of a combination of S and P
to produce a unique runoff amount. Substituting
equation 2-2 into equation 2-1 gives:

Q = (p - 0.2S)2

(P+0.8S)

S is related to the soil and cover conditions of the
watershed through the CN. CN has a range of 0 to 100,
and S is related to CN by:

S =1000 -10
CN

Figure 2-1 and table 2-1 solve equations 2-3 and 2-4
for a range of CN's and rainfall.

Factors considered in determin
ing runoff curve numbers

The major factors that determine CN are the hydro
logic soil group (HSG), cover type, treatment, hydro
logic condition, and antecedent runoff condition
(ARC). Another factor considered is whether impervi
ous areas outlet directly to the drainage system (con
nected) or whether the flow spreads over pervious
areas before entering the drainage system (uncon
nected). Figure 2-2 is provided to aid in selecting the
appropriate figure or table for determining curve
numbers.

CN's in table 2-2 (a to d) represent average antecedent
runoff condition for urban, cultivated agricultural,
other agricultural, and arid and semiarid rangeland
uses. Table 2-2 assumes impervious areas are directly
connected. The following sections explain how to
determine CN's and how to modify them for urban
conditions.

Hydrologic soil groups

Infiltration rates of soils vary widely and are affected
by subsurface permeability as well as surface intake
rates. Soils are classified into four HSG's (A, B, C, and
D) according to their minimum infiltration rate, which
is obtained for bare soil after prolonged wetting.
Appendix A defmes the four groups and provides a list
of most of the soils in the United States and their
group classification. The soils in the area of interest
may be identified from a soil survey report, which can
be obtained from local SCS offices or soil and water
conservation district offices.

Most urban areas are only partially covered by imper
vious surfaces: the soil remains an important factor in
runoff estimates. Urbanization has a greater effect on
runoff in watersheds with soils having high infiltration
rates (sands and gravels) than in watersheds predomi
nantly of silts and clays, which generally have low
infiltration rates.

Any disturbance of a soil profile can significantly
change its infiltration characteristics. With urbaniza
tion, native soil profiles may be mixed or removed or
fill material from other areas may be introduced.
Therefore, a method based on soil texture is given in
appendix A for determining the HSG classification for
disturbed soils.

(210-VI-TR-55, Second Ed., June 1986) 2-1



Chapter 2 Estimating Runoff Technical Release 55
Urban Hydrology for Small Watersheds

Table 2-2a Runoff curve numbers for urban areas l/

----------- Cover description
Curve numbers for

---hydrologic soil group---

Cover type and hydrologic condition

Ful1y developed urban areas (vegetation established)

Average percent
impervious area 2/ A B C D

Open space (lawns, parks, golf courses, cemeteries, etc.):1I:
Poor condition (grass cover < 50%) .
Fair condition (grass cover 50% to 75%) ..
Good condition (grass cover> 75%) .

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) .
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) .
Paved; open ditches (including right-of-way) ..

I Gravel (including right-of-way) .
Dirt (including right-of-way) ..

Western desert urban areas:
Natural desert landscaping (pervious areas only) ~ ..
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) .

Urban districts:
Commercial and business .
Industrial .

Residential districts by average lot size:
1/8 acre or less (town houses) ..
1/4 acre ..
1/3 acre ..
1/2 acre ..
I acre .
2 acres .

Developing urban areas

68 79 86 89
49 69 79 84
39 61 74 80

98 98 98 98

98 98 98 98
83 89 92 93
76 85 89 91

72~ 82 87 89

63 77 85 88

96 96 96 96

85 89 92 94 95
72 81 88 91 93

65 77 85 90 92
38 61 75 83 87
30 57 72 81 86
25 54 70 80 85
20 51 68 79 84
12 46 65 77 82

Newly graded areas
(pervious areas only, no vegetation) Qi .. ._...... ~

Idle lands (CN's are determined using cover types
similar to those in table 2-2c).

77 86 91 94

I Average runoff condition, and la = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN's. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN's for other combinations of conditions may be computed using figure 2-3 or 24.

3 CN's shown are equivalent to those of pasture. Composite CN's may be computed for other combinations of open space
cover type.

4 Composite CN's for natural desert landscaping should be computed using figures 2-3 or 24 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN's are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN's to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 24
based on the degree of development (impervious area percentage) and the CN's for the newly graded pervious areas.

(210-VI-TR-55, Second Ed., June 1986) 2-5



Chapter 2 Estimating Runoff Technical Release 55
Urban Hydrology for Small Watersheds

Table 2-2b Runoff curve numbers for cultivated agricultural lands Y

Curve numbers for
Cover description hydrologic soil group

Hydrologic
Cover type Treatment'{/ condition'J! A B C D

Fallow Bare soil 77 86 91 94
Crop residue cover (CR) Poor 76 85 90 93

Good 74 83 88 90

Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89

SR + CR Poor 71 80 87 90
--Good 64 75 82 85

Contoured (C) Poor 70' 79 84 88
Good 65 75 82 86

C+CR Poor 69 78 83 87
Good 64 74 81 85

Contoured & terraced (C&T) Poor 66 74 80 82
Good 62 71 78 81

C&T+ CR Poor 65 73 79 81
Good 61 70 77 80

Small grain SR Poor 65 76 84 88
Good 63 75 83 87

SR+CR Poor 64 75 83 86
Good 60 72 80 84

C Poor 63 74 82 85
Good 61 73 81 84

C+CR Poor 62 73 81 84
Good 60 72 80 83

C&T Poor 61 72 79 82
Good 59 70 78 81

C&T+ CR Poor 60 71 78 81
Good 58 69 77 80

Close-seeded SR Poor 66 77 85 89
or broadcast Good 58 72 81 85
legumes or C Poor 64 75 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83

Good 51 67 76 80

I Average runoff condition, and 1.=0.25
2 Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.
3 Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canopy of vegetative areas,

(b) amount of year-round cover, (c) amount of grass or close-seeded legumes, (d) percent of residue cover on the land surface (good .. 20%),
and (e) degree of surface roughness.

Poor. Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff.
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Chapter 3 Time of Concentration and Travel Time Technical Release 55
Urban Hydrology for Small Watersheds

Sheet flow

Sheet flow is flow over plane surfaces. It usually
occurs in the headwater of streams. With sheet flow,
the friction value (Manning's n) is an effective rough
ness coefficient that includes the effect of raindrop
impact; drag over the plane surface; obstacles such as
litter, crop ridges, and rocks; and erosion and trans
portation of sediment. These n values are for very
shallow flow depths of about 0.1 foot or so. Table 3-1
gives Manning's n values for sheet flow for various
surface conditions.

For sheet flow of less than 300 feet, use Manning's
kinematic solution (Overtop and Meadows 1976) to
computeTt :

Tt travel time (hr),
n Manning's roughness coefficient (table 3-1)
L == flow length (ft)
P2 == 2-year, 24-hour rainfall (in)
s slope of hydraulic grade line

(land slope, ftfft)

[eq.3-3]
0.007(nL)0.8

(P2)0.5 s0.4

where:

Roughness coefficients (Manning's n) for
sheet flow

Table 3-1

I The n values are a composite of information compiled by Engman

(1986).
2 Includes species such as weeping lovegrass, bluegrass, buffalo

grass, blue grama grass, and native grass mixtures.
3 When selecting n , consider cover to a height of about 0.1 ft. This

is the only part of the plant cover that will obstruct sheet flow.

Surface description

Smooth surfaces (concrete, asphalt,
gravel, or bare soil) .

Fallow (no residue) .
Cultivated soils:

Residue cover :S;20% ..
Residue cover >20016 .

Grass:
Short grass prairie .
Dense grasses 2! ......•........•........•......................•

Bermudagrass .
Range (natural) ..
Woods:;),!

Light underbrush .

Dense underbrush .

nll

0.011
0.05

0.06
0.17

0.15
0.24
0.41
0.13

0.40

0.80

This simplified form of the Manning's kinematic solu
tion is based on the following: (1) shallow steady
uniform flow, (2) constant intensity of rainfall excess
(that part of a rain available for runof!), (3) rainfall
duration of 24 hours, and (4) minor effect of infIltra
tion on travel time. Rainfall depth can be obtained

..:.'\.. from appendix B.
t-IV

Shallow concentrated flow

After a maximum of 300 feet, sheet flow usually be
comes shallow concentrated flow. The average veloc
ity for this flow can be determined from figure 3-1, in
which average velocity is a function of watercourse
slope and type of channel. For slopes less than 0.005
ftfft, use equations given in appendix F for figure 3-1.
Tillage can affect the direction of shallow concen
trated flow. Flow may not always be directly down the
watershed slope if tillage runs across the slope.

After determining average velocity in figure 3-1, use
equation 3-1 to estimate travel time for the shallow
concentrated flow segment.

Open channels

Open channels are assumed to begin where surveyed
cross section information has been obtained, where
channels are visible on aerial photographs, or where
blue lines (indicating streams) appear on United States
Geological Survey (USGS) quadrangle sheets.
Manning's equation or water surface profile informa
tion can be used to estimate average flow velocity.
Average flow velocity is usually determined for bank
full elevation.

(210-Vl-TR-55, Second Ed., June 1986)



Chapter 3 Time of Concentration and
Travel Time

Travel time ( Tt) is the time it takes water to travel
from one location to another in a watershed. Tt is a
component of time of concentration ( Te), which is
the time for runoff to travel from the hydraulically
most distant point of the watershed to a point of
interest within the watershed. Te is computed by
summing all the travel times for consecutive compo
nents of the drainage conveyance system.

Computation oC travel time and
tIme oC concentration

Water moves through a watershed as sheet flow,
shallow concentrated flow, open channel flow, or
some combination of these. The type that occurs is a
function of the conveyance system and is best deter
mined by field inspection.

Travel time ( Tt) is the ratio of flow length to flow
velocity:

Te influences the shape and peak of the runoff
hydrograph. Urbanization usually decreases Te,

thereby increasing the peak discharge. But Te can be
increased as a result of (a) ponding behind small or
inadequate drainage systems, including storm drain
inlets and road culverts, or (b) reduction ofland slope
through grading.

T __L_
t - 3600V

where:

[eq.3-1]

Factors affecting time oC concen
tration and travel time

Surface roughness

One of the most significant effects of urban develop
ment on flow velocity is less retardance to flow. That
is, undeveloped areas with very slow and shallow
overland flow through vegetation become modified by
urban development: the flow is then delivered to
streets, gutters, and storm sewers that transport runoff
downstream more rapidly. Travel time through the
watershed is generally decreased.

Channel shape and flow patterns

In small non-urban watersheds, much of the travel
time results from overland flow in upstream areas.
Typically, urbanization reduces overland flow lengths
by conveying storm runoff into a channel as soon as
possible. Since channel designs have efficient hydrau
lic characteristics, runoff flow velocity increases and
travel time decreases.

Slope

Slopes may be increased or decreased by urbanization,
depending on the extent of site grading or the extent
to which storm sewers and street ditches are used in
the design of the water management system. Slope will
tend to increase when channels are straightened and
decrease when overland flow is directed through
storm sewers, street gutters, and diversions.

Tt = travel time (hr)
L =flow length (ft)
V = average velocity (ftIs)

3600 =conversion factor from seconds to hours.

Time of concentration ( Te ) is the sum of Tt values for
the various consecutive flow segments:

[eq.3-2]

where:

Te =time of concentration (hr)
m = number of flow segments
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Urban Hydrology for Small Watersheds

Figure 3-1

3-2

Average velocities for estimating travel time for shallow concentrated flow
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Figure B-2 Approximate geographic boundaries for NRCS (SCS) rainfall distributions

.. Type I

o Type IA

o Type II

o Type III

RainCall data sources
This section lists the most current 24-hour rainfall data
published by the National Weather Service (NWS) for
various parts of the country. Because NWS Technical
Paper 40 (TP-40) is out of print, the 24-hour rainfall
maps for areas east ofthe 105th meridian are included
here as figures B-3 through B-8. For the area generally
west of the 105th meridian, TP-40 has been superseded
by NOAA Atlas 2, the Precipitation-Frequency Atlas of
the Western United States, published by the National
Ocean and Atmospheric Administration.

East of l05th meridian
Hershfield, D.M. 1961. Rainfall frequency atlas of the
United States for durations from 30 minutes to 24
hours and return periods from 1 to 100 years. U.S.
Dept. Commerce, Weather Bur. Tech. Pap. No. 40.
Washington, DC. 155 p.

West of l05th meridian
Miller, J.F., R.H. Frederick, and R.J. Tracey. 1973.
Precipitation-frequency atlas of the Western United
States. Vol. I Montana; Vol. II, Wyoming; Vol Ill, Colo
rado; Vol. IV, New Mexico; Vol V, Idaho; Vol. VI, Utah;
Vol. VII, Nevada; Vol. VIII, Arizona; Vol. IX, Washing
ton; Vol. X, Oregon; Vol. XI, California. U.S. Dept. of

Commerce, National Weather Service, NOAA Atlas 2.
Silver Spring, MD.

Alaska
Miller, John F. 1963. Probable maximum precipitation
and rainfall-frequency data for Alaska for areas to 400
square miles, durations to 24 hours and return periods
from 1 to 100 years. U.S. Dept. of Commerce, Weather
Bur. Tech. Pap. No. 47. Washington, DC. 69 p.

Hawaii
Weather Bureau. 1962. Rainfall-frequency atlas of the
Hawaiian Islands for areas to 200 square miles, dura
tions to 24 hours and return periods from 1 to 100
years. U.S. Dept. Commerce, Weather Bur. Tech. Pap.
No. 43. Washington, DC. 60 p.

Puerto Rico and Virgin Islands
Weather Bureau. 1961. Generalized estimates ofprob
able maximum precipitation and rainfall-frequency
data for Puerto Rico and Virgin Islands for areas to 400
square miles, durations to 24 hours, and return periods
from 1 to 100 years. U.S. Dept. Commerce, Weather
Bur. Tech. Pap. No. 42. Washington, DC. 94 P.
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Appendix A Hydrologic Soil Groups

Disturbed soil profiles

As a result of urbanization, the soil profIle may be con
siderably altered and the listed group classification may
no longer apply. In these circumstances, use the follow
ing to determine HSG according to the texture of the
new surface soil, provided that significant compaction
has not occurred (Brakensiek and Rawls 1983).

Soils are classified into hydrologic soil groups (HSG's)
to indicate the minimum rate of infiltration obtained for
bare soil after prolonged wetting. The HSG's, which are
A, B, C, and D, are one element used in determining
runoff curve numbers (see chapter 2). For the conve
nience of TR-55 users, exhibit A-I lists the HSG classifi
cation of United States soils.

The infiltration rate is the rate at which water enters the
soil at the soil surface. It is controlled by surface condi
tions. HSG also indicates the transmission rate-the rate
at which the water moves within the soil. This rate is
controlled by the soil profile. Approximate numerical
ranges for transmission rates shown in the HSG defini
tions were first published by Musgrave (USDA 1955).
The four groups are defined by SCS soil scientists as
follows:

HSG

A

B

C

D

Soil textures

Sand loamy sand or sand loam

Silt loam or loam

Sandy clay loam

Clay loam, silty clay loam, sandy clay, silty
clay, or clay

Group Asoils have low runoff potential and high infIl
tration rates even when thoroughly wetted. They consist
chiefly of deep, well to excessively drained sand or
gravel and have a high rate of water transmission
(greater than 0.30 in/hr).

Group Bsoils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately
deep to deep, moderately well to well drained soils with
moderately fine to moderately coarse textures. These
soils have a moderate rate of water transmission (0.15
0.30 in/hr).

Group Csoils have low infiltration rates when thor
oughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a
low rate of water transmission (0.05-0.15 in/hr).

Group D50ils have high runoff potential. They have
very low infiltration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling poten
tial, soils with a permanent high water table, soils with a
claypan or clay layer at or near the surface, and shallow
soils over nearly impervious material. These soils have a'
very low rate of water transmission (0-0.05 in/hr).

In exhibit A-I, some ofthe listed soils have an added
modifier; for example, UAbrazo, gravelly." This refers to
a gravelly phase of the Abrazo series that is found in
SCS soil map legends.

Drainage and group D soils

Some soils in the list are in group D because of a high
water table that creates a drainage problem. Once these
soils are effectively drained, they are placed in a differ
ent group. For example, Ackerman soil is classified as
AID. This indicates that the drained Ackerman soil is in
group A and the undrained soil is in group D.

(21o-Vl-TR-55, Second Ed., June 1986) A-I
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Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPES-Contra Costa
County, California

Map Unit Description

Contra Costa County Tanaska Project Site

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 in this
report, 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 mayor 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,
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.

USDA
'"""1ft

Natural Resources
Conservation Service

Web Soil Survey 2.1
National Cooperative Soil Survey

2118/2009
Page 1 of 3



Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPES-Contra Costa
County, California

Contra Costa County Tanaska Project Site

Soils that have profiles that are almost alike make up a soil series. All the soils of
a series have major horizons that are similar in composition, thickness, and
arrangement. Soils of a given 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 ofthe 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.

Additional information about the map units described in this report is available in
other soil reports, which give properties ofthe soils and the limitations, capabilities,
and potentials for many uses. Also, the narratives that accompany the soil reports
define some of the properties included in the map unit descriptions.

Contra Costa County, California

DaC-DELHI SAND, 2 TO 9 PERCENT SLOPES

Map Unit Setting
Elevation: 10 to 150 feet
Mean annual precipitation: 12 to 14 inches
Mean annual air temperature: 59 degrees F
Frost-free period: 260 to 300 days

Map Unit Composition
Delhi and similar soils: 85 percent
Minor components: 15 percent

USDA... Natural Resources
Conservation Service

Web Soil Survey 2.1
National Cooperative Soil Survey

2/18/2009
Page 2 of3



Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPE8-Contra Costa
County, California

Contra Costa County Tanaska Project Site

Description of Delhi

Setting
Landform: Flood plains, terraces, alluvial fans
Landform position (three-dimensional): Tread, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits derived from igneous and

sedimentary rock

Properties and qualities
Slope: 2 to 9 percent
Deplll to restnctlve feature: More than 80 inches
Drainage class: Somewhat excessivel drained
Capacity of the most limiting layer to transmit water (Ksat): High to

very high (5.95 to 19.98 in/hr) '~'d

Depth to water tatJIe: More than 80 inches
Frequency of flooding: None
Frequency ofponding: None
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Available water capacity: Low (about 4.2 inches)

Interpretive groups
Land capability classification (irrigated): 3s
Land capability (nonirrigated): 6e

Typical profile
oto 5 nches. Sand
5 to 60 inches Sand

Minor Components

Unnamed
Percent of map unit: 12 percent

Laugenour
Percent of map unit: 3 percent

Data Source Information

USDA...

Soil Survey Area:
Survey Area Data:

Natural Resources
Conservation Service

Contra Costa County, California
Version 8, Jul 22, 2008

Web Soil Survey 2.1
National Cooperative Soil Survey

2/18/2009
Page 3 of3
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Owner: Radback Energy Computed By: C. Kantola
Plant: Oakley GeneratingStation Unit: ,--,,-~ =,,-~Date; . June 15Ji201 0
Project No.: 163994 File No. 52.5406.1008 Verified By: rl.-r./
Title: IMP Sizing for Plant Area Date: b /f7 ); Q
______________________,Page: " 'bf .

IMP Sizing for Bioswale #1-2

Refer to Page 5, the total drainage area for bioswale #1-2 is measured to be: 491,168 ft2

(11.28 ac). The bioswale is measured to be 1,323 feet long.

Six drainage management areas (DMA) were identified based on the type of ground covers:
(1) Equipment/Roofs; (2) Asphalt Pavement; (3) Gravel Surfacing; (4) Grass/Landscape; (5)

Transformer Containment; and (6) Open-Graded Aggregates (ACC Area).

The measured areas are shown in the following table. The measurements were made by
using AutoCAD.

DMA Name Post-Project Surface Type DMA Area (fe)
DMA-1 Equipment/Roofs 54,900
DMA-2 Asphalt Pavement 65,113'
DMA-3 Gravel Surfacing 100,200
DMA-4 Grass/Landscape 198,264
DMA-5 Transformer Containment 4,491
DMA-6 Open-Graded Aggregates 68,200

Runoff Coefficients
Dense-graded aggregate (Caltran Class 2 aggregate) will be utilized as the materials for
aggregate surfacing. After being compacted, the dense-graded aggregate is estimated to
have a runoff coefficient of 0.5 to 0.7. See communications with Contra Costa County Clean
Water Program (Attachment 6). Use 0.6 in this calculation.

From Table 4-2 of the Stormwater C.3 Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treatment and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0. The "Open Graded
Aggregates" will have a runoff coefficient of 0.1. The "Transformer Containment" will have
no runoff since all the runoff will go to oil-water separator which discharges to the sanitary
sewer and will not be discharged on site.

Consequently,

(

DMA DMA JL Square x Runoff =(54,900x1+65,113x1+100.200xO.6+198.264xO.1+4,491xO+68,200xO.1)

Footage Factor

=206,779 ft2.
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IMP Sizing for Bioswale #3

Refer to Page 5, the total drainage area for bioswale #3 is measured to be: 25,711 tr (0.59

ac). The bioswale #3 is measured to be 187 feet long.

Three drainage management areas (DMA) were identified based on the type of ground

covers: (1) Equipment/Roofs; (2) Asphalt Pavement; and (3) Grass/Landscape.

The measured areas are shown in the following table. The measurements were made by
using AutoCAD.

DMAName Post-Project Surface Type DMA Area (ffl)
DMA-1 Equipment/Roofs 3,873
DMA-2 Asphalt Pavement 2,086
DMA-3 Grass/Landscape 19,752

Runoff Coefficients
From Table 4-2 of the Stormwater C.3 Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treatment and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0.

Consequently,

(

DMA DMA JL Square x Runoff =(3,873x1.0+2,086x1.0+19,752xO.1)

Footage Factor .

=7,934fe.

IMP sizing factor = 0.07 for the area (A) of bioswale; IMP sizing factor = 0.058 for the
surfa?e reservoir volume (V1). See Page 7.

Rain adjustment factor =0.901. See Page 7.

Minimum Area and Minimum Volume of IMP
Per Ref. 2, Equation 4-7, the required minimum area (A) of the bioswale is:

, (DMA DMA J (IMP J (Rain JMin. IMP Area A = L Square x Runoff x Sizing x Adjustment

, Footage Factor Factor Factor
. .
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IMP Sizing for Bioswale #4

Refer to Page 5, the total drainage area for bioswale #4 is measured to be: 190,955 fe
(4.38 ac). The bioswale #4 is measured to be 391 feet long.

Five drainage management areas (DMA) were identified based on the type of ground

covers: (1) Equipment/Roofs; (2) Asphalt Pavement; (3) Gravel Surfacing; (4)

Grass/Landscape; and (5) Transformer Containment.

The measured areas are shown in the following table. The measurements were made by
using AutoCAD.

DMAName Post-Proiect Surface Type DMA Area (ft~)

DMA-1 Equipment/Roofs 19,314
DMA-2 Asphalt Pavement 33,262
DMA-3 Gravel Surfacing 109,208
DMA-4 Grass/Landscape 23,692
DMA-5 Transformer Containment 5,479

Runoff Coefficients
From Table 4-2 of the Stormwater C.3 Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treatment and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0. The "Transformer
Containment" will have no runoff since all the runoff will go to oil-water separator which
discharges to the sanitary sewer and will not be discharged on site.

Use 0.6 for dense-graded aggregate surfacing (see Page 6).

Consequently,

(

DMA DMA JL squar.e x Runoff =(19,314x1.0+33,262x1.0+1 09,208xO.6+23,692xO.1 +5,479xO)

Footage .Factor

=120,470 ft2.

IMP sizing factor =0.07 for the area (A) of bioswale; IMP sizing factor =0.058 for the
surface reservoir volume (V1). See Page 7.

Rain adjustment factor =0.901. See Pag.e 7.
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IMP Sizing for Bioswale #5

Refer to Page 5, the total drainage area for bioswale #5 is measured to be: 290,529 ft2

(6.67 ac) (natural gas facility included). The bioswale #5 is measured to be 385 feet long

total.

Yct!/l

b I ., !1;')'1 t! f '

The measured areas are shown in the following table. The measurements were made by
using AutoCAD.

Four drainage management areas (DMA) were identified based on the type of ground

covers: (1) EquipmenVRoofs; (2) Asphalt Pavement; (3) .f.rave' Surfacing; and (4)
Grass/Landscape. \.

DMA Name Post-Proiect Surface Type DMA Area (fe)
DMA-1 EquipmenVRoofs 12,670
DMA-2 Asphalt Pavement 25,905
DMA-3 Gravel Surfacing 186,725
DMA-4 Grass/Landscape 65,229

Runoff Coefficients
From Table 4-2 of the Stormwater C.3 Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treatment and flow control. The "EquipmenVRoofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0.

Use 0.6 for dense-graded aggregate surfacing (see Page 6).

Consequently,

(

DMA DMA JL Square x Runoff =(12,670x1.0+25,905x1.0+186,725xO.6+89,695xO.1)

Footage Factor .

= 157,133ft2.

IMP sizing factor =0.07 for the area (A) of bioswale; IMP sizing factor =0.058 for the
surface reservoir volume (V1). See Page 7.

Rain adjustment factor =0.901. See Page 7.
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Hydrology Modeling - HEC-HMS

Owner: Radback Computed By: J. Zhong
Plant: Tenaska Unit: 4 Date: March 4,Z009
Project No.: ...:..;16".,3=9=9...:..4_-:-- Flle No. [). $"'-1d(" 1003 Verified By: ~e_~7-~
Title: Stormwater Analysis Date: b Ih/H () Cf
_____________________Page: if of '53

PIlE. c.......St&VCll",..(

There is one drainage area that will drain to the wetland. See Page~ for the boundary
delineation of this area. This drainage area generally has four types of ground cover: (1)
Vineyard, 19.85 acres; (2) Gravel Pavement, 3.96 acres; (3) Railroad Yard, 0.94 acres; and
(4) Wetland, 0.40 acres. The total area of this drainage area is 25.15 acres (0.0393 mile2

).

The measurements of the above areas were made by using AutoCAD.

The stormwater runoff to the wetland for a 100-year 24-hour storm event was modeled by
using a computer program, HEC-HMS version 3.3, developed by the US Army Corps of
Engineers (Ref. 3).

Section 1.0 Determine the Time of Concentration
Time of concentration (Tc) can be calculated as:

Tc=Tsheet + Tshallow + Tchannel (Ref. 4, Eq. 6-11)
Where:

Tsheet =travel time in sheet flow;
Tshallow = travel time in shallow concentrated flow;

Tchannel = travel time in open channels.

There is no open channel flow on this site. Thus Tchannel = O.

The flow path from the hydraulically most distant point of this drainage area to the wetland is

identified as shown on Page S

The total flow length is measured to 1490 feet.

(1) Sheet Flow

Sheet flow travel time can be calculated as:

T
_ O.007(nL)0.S

sheet - 05 04 (Ref. 2, Eq. 3-3)
(P2) . s .

Where:

n =roughness coefficient;

L = flow length (ft);

P2 =2-year, 24-hour rainfall (in);

s = land slope (ft/ft).
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Project No.: 163994 File No. 52.5406.1006 Verified By: _
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(
AreaHi + AreaLo . )

Incremental Storage Volume = 2 x (ElevHz-ElevLo)

For the volume between elevations 5.0 and 7.5:

Incremental Storage Volume =(0.62; 0.40 x (7.5 - 5.0)) =1.28 ac-ft

Wetland Elevation - Area - Storage Summary (See Ref. 9, Pg 11)

Wetland Area Incremental Storage Cumulative Storage
Elevation (ft) (acre) (ac-ft) (ac-ft)

5.0 0.40 - -
7.5 0.62 1.28 1.28

10.0 1.44 2.57 3.85

11.5 1.6 2.28 6.13

There is an outle 01 structure pro osed between the ond and wetland that will allow
water to flow from the pond into the wetland e at in the on is ab ve
elevation 10.0. The volume .retained in' the pond below elevation 10.0 prior to allowing
discharge into the wetland is determined by calculating the total incremental storage
provided below elevation 10.0 as shown in the table on the following page.

Retained Volume to Elevation 10.0 =0.10 ac-ft + 0.23 ac-ft =0.33 ac-ft

This storage volume reduces the runoff that reaches the wetland. The wetland water
surface elevation in the post-construction site condition takes this into account.
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WEIRS

A cir is a $he)fthat waterfalls over, suc:h as the top ofa band pipe. a timbcrebeek dam.
or1M Cfe$l ofa concrete dam.

Weir disehafae ispemed by the simple principle that IS head increases upstream ofa
weir. I6c flow over it inm:atles. The type of material is umevanl as lone as the ~cir has
oaty cmoup width for struetund strenJth and water does not eontaet it lon, CDOU~ to be
slowed down by friction.

A wthat is straight and level. with vertical sidu, fdee that in ABU" 6.16. is ~rened to
a rectan uJ . It. Dl huge 0\ r fhi type or weir' predi<:red ry dl elr equafion
(U.S. Bun:au ofRec:lamatlon. 1974. p. 373); ..

. q=CLJP12

L ;If borizontallength ofcrest. n.
H- bad ofwater above the crest. ft
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0.030
0.033

0.020
0.Q25
0.030
0.033

0.025
0.030

0.018
0.022
0.025

\ 0.027

Values of the roughness coefficient n

0.016
0.Ql8
0.022
0.022

0.023
0.025

Minimum Normal Maximum

O.OlD 0.011 0.013
0.011 0.013 0.Ql5

O.OlD 0.01-2 -0,014-------
0.011 0.012 0.014
0.011 0.013 0.015
0.012 0.015 -- 0.Ql8
O.OlD 0.014 0.017

O.QlI 0.013 0.Ql5
0.013 0.Ql5 0.016
0.Ql5 0.017 0.020
0.014 0.017 0.020
0.016 0.019 0.023
0.Ql8 0.022 0.025
0.017 0.020
0.022 0.027

0.Ql5 0.017 0.020
0.017 0.020 0.024
0.016 0.020 0.024

0.020 0.025 0.030
0.020 -0;030~=~~O:O35 - ..

0.017 0.020 0.025
0.020 0.023 0.026
0.023 0.033 0.036

0.011 0.013 0.Ql5
0.012 0.015 0.018

0.017 0.025 0.030
0.023 0.032 0.035
0.013 0.Ql5 0.017

0.013 0.013
0.016 0.016
0.030 0.500

1. Neat, surface
2. Mortar

b. Wood
----I-:-Planed; untreated

2. Planed, creosoted
3. Unplaned
4,Plank with battens
5. Lined with roofing paper

c. Concrete
1. Trowel finish
2. Float finish
3. Finished, with gravel on bottom
4. Unfinished
5. Gunite, good section
6. Gunite, wavy section
7. On good excavated rock
8. On irregular excavated rock

d. Concrete bottom float with sides of
1. Dressed stone in mortar
2. Random stone in mortar
3. Cement, rubble masonry,

plastered
4. Cement rubble masonry

---~-~-'·~5~DryIUDBleotnprap-==--

e. Gravel bottom with sides of
1. Formed concrete
2. Random stone in mortar
3. Dry rubble or riprap

f. Brick
1. Glazed
2. In cement mortar

g. Masonry
1. Cemented rubble
2. Dry rubble

h. Dressed ashlar
i. Asphalt

1. Smooth
2. Kough

j. Vegetal cover

Type of channel

C. Excavated or Dredged
C-I General

a. Earth, straight and uniform
1. Clean and recently completed
2. Clean, after weathering
3. Gravel, uniform section, clean
4. With short grass, few weeds

b. Earth, winding and sluggish
1. No vegetation
2. Grass, some weeds

3.30 CHAPTER THREE
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424 Hydrologic Design Methods Chap. 8

FIGURE 8-4 Schematic diagram of
fI w through an orifice.

Equation 8-15 depends on two assumptions that are not always true: there are no I c nnll
the pressure is atmospheric across the opening of the orifice; it is actually atmo 'ph~re at
point below the orifice, called the vena contracta, where the cross-sectional area is a OHm

mum. Because of these violations, the discharge will be less than that given by Equalion
8-15. The actual discharge through the orifice is estimated by applying a discharge coclrt
cient Cd to Equation 8-15:

( -I I

h = l1/2g
Solving for Vz and substituting it into the continuity equation yields

q = AV= AV2gh

(8-13)
~ ..

This can be simplified by making the following assumptions: (1) The pressure at both
points is atmospheric, therefore PI =Pz; (2) The surface area of the pool Al is very large r~.

lative to the area of the orifice Az' so from the continuity equation, VI is essentially 0; lind
(3) ZI - Zz =h. Thus, Equation 8-13 becomes

q = Cd AV2gh

in which Cd is called the discharge coefficient. Equation 8-16 is referred to as the onh

equation. For some design problems, the q of Equation 8-16 is multiplied by an e{:(iclrnl
factor f to reflecl other types of 10 es that limit the di charge rate. Values of Cd ran~ I I

0.5 to 1.0, with a value of 0.6 often used. Cd i dimensionle .

Example 8-3 1 I,)Sto. Ie '2..
A forklift is accidentally driven into the side of an above-ground storage tank and it punc!u
II-in.2 hole 6 in. above the ground. In order to complete the environmental report, the coW
needs to estimate the amount of petroleum that leaked out of the tank during the 25mip Delli

the time of the puncture and the time that the hole was plugged. The surface elevation 01 tht
troleum above the ground was 8.46 ft after the leak was stopped. The tank has a diamei r •
The engineer estimates the discharge coefficient is 0.55, which is less than the 0.6 vaj~ /l<
of the additional losses created by the jagged edges of the hole. Thus, the estimated c1i~ IIoIJ'jlt

q = CuAYfiii = 0.55 U:4) [2 (32.2) (8.46 - 0.5)]°5

= 0.951 ft3/sec
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Purpose
To determine the minimum required size of bioswales to satisfy Stormwater C.3
requirements for treatment and flow control for the plant area for proposed Tenaska Project.

References
1. Black & Veatch Drawing: 'L

• 163994-SS-3001, Rev.1'''Grading & Drainage - Site Plan - Sheet 1"

• 163994-SS-3201, Rev. 0, ~Surfacing/Fencing/Roadway - Site Plan - Sheet 1"

• 163994-SS-3050, Rev.): "Site Sections and Details"

• 163994-SS-1002, Rev. 2, "General Arrangement - Site"
2. Contra Costa Clean Water Program; Stormwater C.3 Guidebook; Stormwater Quality

Requirements for Development Applications; Fourth Edition; September 10, 2008.
3. Contra Costa County Public Works Department; Mean Seasonal Isohyets Compiled from

Precipitation Records 1879-1973; Drawing No. B-166; December 1977.
4. US Department of Agriculture, Natural Resources Conservation Service; Web Soil

Survey; http://websoilsurvey.nrcs.usda.gov/applWebSoiISurvey.aspx.
5. US Department of Agriculture; Urban Hydrology for Small Watersheds, 2nd Edition;

Technical Release 55 (TR-55); June 1986.. .
6. Email Communications between Black & Veatch and Contra Costa Clean Water

Program; March 2009.

Definition of Units and Constants
English units will be used.
f=xample of Common Unit Designations:

Rainfall amount in inches (in)
Drainage area in acres (ac)

Attachments
1. Black & Veatch Drawings SS1002, SS-3001, SS-3201 and SS-3050
2. Reference 2 - Select Pages
3. Reference 3 - Drawing No. B-166
4. Reference 4 - Select Pages
5. Reference 5 - Select Pages
6. Email Communications
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Summary:

Twt-e,..
-fetJr bioswales will be constructed within the plant area to collect and infiltrate stormwater.

Based on the Stormwater C.3 requirements (Ref 2), the required bioswale surface area and volume for each bioswale are listed in the following table.

The design bioswale length, shape, design surface area and volume are presented in the following table. The design bioswales in the plant area
have sufficient surface areas and volume to satisfy the Stormwater C.3 requirements.

IMPID Shape Length Side Slope Bottom Width Design Design Required Required

(feet) (feet) Surface Area (tr) Volume (ft3) Surface Area (tr\ Volume (ft3)

Bioswale #1-2 Trapezoidal 1,323 3 (h) to 1 (v) 2 26,460 43,659 13,042 10,806

... ~ ~ ,ft .~~

" \"/.,, \V/ , ,

Bioswale#4 Trapezoidal 391 3 (h) to 1 (v) 2
l'-\S-

7,820 12,903 7,598 6,296

10ft for first-2t%ft long
Bioswale#5 Trapezoidal 385 3 (h) to 1 (v) section; ~ ft tor retilalliliig 10,105 16,714 9,910 8,211

128 ft Ie"!! seetieli

C_3 re,v,~J I' f~\J,iJ.A.l

a,'<>sw.J<.. :#11-2. .... :1I r'l~"

\2,...e.,\l \

"II \~ IIQ V (J1.rN I 7

~
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IMP Sizing for Plant Area

The generation area primarily consists of two combustion turbines, two heat recovery steam
generators (HRSG), one air cooled condenser (ACC), three switchyards, one water
treatment building, one warehouse building, two water storage tanks, one administration
building, and other miscellaneous equipmenUfacilities. See B&V Drawing SS-1002 for plant
general arrangement (Attachment 1). Plant loop road and major equipment access roads
will be constructed within the plant. The areas adjacent to the buildings and equipment will
have gravel surfacing. Other areas will be covered with vegetated grass. See B&V
Drawing SS-3001 for proposed site surfacing of the plant (Attachment 1). The existing trees
on this project site will be preserved.

1"~rte- AA.l A. .l~voIi_ ,~

~bioswales ~i11 be constructed within the plant site to collect and infiltrate stormwater. r
See Page 5 for the locations of bioswales and delineated drainage area for each~~
Drop and/or outlet control structures will be installed at the end of each bioswale such that
sufficient depth' (volume) of stormwater has to be collected in tAe biesIJo'ale before
downstream discharge can occur. ww ..H,..... ,;.f;<.t,j A.rf.. FJ'o,,;hA +0 J\.v,.,wi-o.,,\,., ""'1.lr<-i1~ J.

fl..<.~ <Z.~;sf;"j w.q,.fl........A 1/

An existing natural gas distribution facility is located west of the project and is outside the
project limits. This area is generally covered by gravel surfacing. From the topography,
most of the natural gas facility drains towards the wetland. After constructing the plant
access road from Bridgehead Road, this area will continue to drain towards the wetland via
a culvert being installed underneath the access road. The natural gas facility will be
included in the IMP sizing for bioswale #5 since the stormwater from this area will flow to
and accumulate in this bioswale. .

NRCS Soil Group
Based on the soil survey information from the US Department of Agriculture Natural'
Resources Conservation Service (NRCS), the project site in Contra Costa County, California
is covered by "Delhi Sand". See Attachment 4. From the description of "Delhi Sand" by
NRCS, this soil layer is "somewhat excessively drained"; the capacity of the most limiting
layer to transmit water is "high to very high (5.95 to 19.98 in/hr)". Per Ref. 5, this type of soil
can be classified as Hydrologic Soil Group A soil.
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IMP Sizing for Bioswale #1-2

Refer to Page 5, the total drainage area for bioswale #1-2 is measured to be: 491,168 fe

(11.28 ac). The bioswale is measured to be 1,323 feet long.

Six drainage management areas (DMA) were identified based on the type of ground covers:

(1) Equipment/Roofs; (2) Asphalt Pavement; (3) Gravel Surfacing; (4) Grass/Landscape; (5)

Transformer Containment; and (6) Open-Graded Aggregates (ACC Area).

The measured areas are shown in the following table. The measurements were made by
using AutoCAD.

DMA Name Post-Proiect Surface Tvpe DMA Area (fe)
DMA-1 Eouipment/Roofs 54,900
DMA-2 Asphalt Pavement 65,113'
DMA-3 Gravel Surfacina 100,200
DMA-4 Grass/Landscape 198,264
DMA-5 Transformer Containment 4,491
DMA-6 Open-Graded Aggregates 68,200

Runoff Coefficients
Dense-graded aggregate (Caltran Class 2 aggregate) will be utilized as the materials for
aggregate surfacing. After being compacted, the dense-graded aggregate is estimated to
have a runoff coefficient of 0.5 to 0.7. See communications with Contra Costa County Clean
Water Program (Attachment 6). Use 0.6 in this calculation.

From Table 4-2 of the Stormwater C.3 Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treatment and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0. The "Open Graded
Aggregates" will have a runoff coefficient of 0.1. The "Transformer Containment" will have
no runoff since all the runoff will go to oil-water separator which discharges to the sanitary
sewer and will not be discharged on site.

Consequently,

(

DMA DMA JL Square x Runoff =(54,900x1+65,113x1+100,200xO.6+198,264xO.1+4,491xO+68,200xO.1)

Footage Factor

=206,779 ft2.
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IMP Sizing Factors
Since the project site is covered by hydrologic group A soil, the subsurface reservoir volume
0/2) is not needed per Stormwater C.3 Guidebook. From this guidebook, for "treatment and
flow control", the IMP sizing factor for the area (A) of bioswale is 0.07. The IMP sizing factor
for the surface reservoir volume (V1) of bioswale is 0.058. (Ref. 2, Table 4-6).

Rain Adjustment Factor
Per the Isohyetal Map by Contra Costa County Public Works, Figure B-166 (Ref. 3), the
mean annual precipitation (MAP) at the project site is 12.5 inches. Consequently, for group
A soils,

R . Ad' t t F t 0.0009 x (MAP - 20.2) + 0.07am JUs men ac or =----'-------'----
0.07

_ 0.0009x (12.5 - 20.2) + 0.07

0.07
=0.901.

(Ref. 2, Equation 4-3)

Minimum Area and Minimum Volume of IMP
Per Ref. 2, Equation 4-7, the required minimum area (A) of the bioswale is:

(

DMA DMA J (IMP J (Rain JMin. IMP Area A =L Square x Runoff x Sizing x A4justment

Footage Factor Factor Factor

=206,779 x 0.07 x 0.901 = 13,041 fe.

The required minimum surface reservoir volume 0/1) of the bioswale is:

(

DMA DMA J (IMP J (Rain JMin. IMP Volume 0/1) =L Square x Runoff x Sizing x A4justment

. Footage Factor Factor Factor

=206,779 x 0.058 x 0.901 = 10,806 ft3.

The proposed bioswale #1 is 1,323 feet long. The bioswale cross section will be
trapezoidal. Bottom width =2 feet. Side slope =3 (h) to 1 (v). The bottom of the bioswale
is at EL 12.5. Outlet structure OS-3 will be installed at the end of bioswale #1. See B&V
Drawing SS-3001 (Attachment 1). The top of grate elevation of OS-3 will be at EL 15.5 (see
Drawing SS-3050). The effective depth of the bioswale is: 15.5 - 12.5 = 3 feet.
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The surface area of bioswale #1 is:
20x1,323=26,460fe> 13,041 fe, OK.

The volume of bioswale #1 is:

2 + 20 x 3 x 1,323 = 43,659 fe > 10,806 fe,
2

,pi'

Conclusion: The proposed size of bioswale #14'sufficient to meet the Stormwater C.3
,/

requirements. ,/ '

Orifices starting approximately 9" ab e the bottom of the bioswale will be installed in the
outlet control structure to disch e stormwater runoff from less intensive storm events to
the wetland to maintain hydr 'on of the wetland.

A spreadsheet was ~;ed for the above calculations to follow the format by Contra Costa
,/

County Clean "'lafer Program. See next page.
J'V/

S'-4'iYf--jdJ'<..O '1/1 ~ flO
~ 17, 04
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The surface area of bioswale #1 is:
20 x 1,323 =26,460 ft2 > 13,041 ft2, OK.

The volume of bioswale #1 is:

2~20 x 3 x 1,323 =43,659 ft3 > 10,806 ft3, OK.

Conclusion: The proposed size of bioswale #1 is sufficient to meet the Stormwater C.3
requirements.

Low-flow orifices will be installed starting at the bottom of the outlet control structure to
discharge stormwater runoff from less intensive storm events to the wetland, to maintain
hydration of the wetland.

A spreadsheet was prepared for the' above calculations to follow the format by Contra Costa
County Clean Water Program. See next page.
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Soil Type IMP Name

A Bioswale #1-2

DMA DMAArea Post-Project DMA Runoff DMAAreax

Name (tf) Surface TYDe Factor Runoff Factor

DMA-1 54,900 Eauioment I Roofs 1.00 54,900

DMA-2 65,113 Asohalt Pavement 1.00 65,113 IMP Rain Minimum Proposed

DMA-3 100,200 Gravel Surfacina 0.60 60,120 Sizing Adjustment Area or Area or

DMA-4 198,264 Landscaoe, Grouo A Soil 0.10 19,826 Factor Factor Volume Volume

DMA-5 4,491 Transformer Containment 0.00 0

DMA-6 68,200 Open Graded Aggregates 0.10 6,820

Total: 206,779 0.070 0.901 13,042 26,:460 IMP Area (tf)

0.058 0.901 10,806 43,659 V1 (fe)

NA 0.901 NA NA V2 (fe)

Orifice Size: NA
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IMP Sizing for Detention Basin

Contra Costa's Clean Water Program (CCCWP) allows volume-based treatment facilities to

be used for providing treatment for stormwater runoff from development sites. Due to limited

space on site, bioswales of sufficient size and volume cannot be installed for all areas of the
site and therefore a portion of the site will have stormwater treatment provided within the

proposed detention basin. CCCWP provides a "Unit Basin Storage Size for 80% Capture"
chart showing the relationship of several site parameters and the required storage volume

required to meet the treatment goal.

The input parameters that are required to use the Unit Basin chart are the mean annual

precipitation, directly connected impervious areas (DCIA - the relative coverage of land by

impervious surfaces), and the acreage of the project site draining to the treatment facility

(Le. the detention basin). The relative coverage of land by impervious surfaces can be
determined by estimating the areas of each surface type within the drainage area. Several

surface types are anticipated for the project site and are summarized in the table below.

The areas draining to the detention basin are from "Bioswale 4", "Bioswale 5", and "Direct to
Pondb

•

Typically, impervious surface types are limited to buildings and paved areas. As discussed

with Mr. Mark Lindley, PE in a telephone conversation on September 3,2010, the proposed

gravel surfaces should be accounted for, in the estimation of the DCIA value. For purposes

of estimating DClA, it is assumed that a factor of 50% of the total gravel area be included in

DCIA sirice runoff from the gravel areas will be greater than the lawn but less than fully

impervious areas. The table below summarizes the values for those areas to determine the

DCIA used for the Unit Basin sizing. Data was obtained from B&V Calc 52.5406.1006.

Summary of Post-Construction Drainage Areas to Basin (in acres)
Impervious DCIA

Surface Type Bio4 Bio5 Pond Total Factor Acreage

Gravel 2.51 2.87 0.1 5.48 50% 2.74
Railroad Yard - 0.94 - 0.94 50% 0.47

Lawn 0.54 0.95 1.28 2.77 0% 0
Impervious 1.21 1.32 0.30 2.83 100% 2.83

Total Acres: 4.26 6.08 1.68 12.02 - 6.04

%DCIA= 6.04 ac. /12.02 ac. = 50.2%, therefore interpolate between values of

45% and 60%·on Unit Basin chart.
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Per CCC Drawing B-166 in Reference 3, the mean precipitation is 12.5 inches.

For a mean precipitation value of 12.5 inches and %DCIA = 50%, the Unit Basin Storage

Size for 80% Capture on the left side of the chart shows a value of 0.025 feet. See Page 9c.

Determine the treatment volume (water quality volume) required for the drainage area:

12.02 acres (draining to pond) x 0.025 feet (per chart) = 0.30 ac-ft WQV

The proposed detention basin storage table is shown below. Interpolating from the
cumulative storage column, the minimum treatment volume is met at EL 9.34 ft, well below
the pond overflow elevation which is at EL 12.0.

Pond Elevation - Area - Storage Summary
Pond Area Incremental Storage Cumulative Storage

Elevation (ft) (acres) (ac-ft) (ac-ft)

8.5 0.33 - -
9.0 0.35 0.17 0.17

10.0 0.41 0.38 0.55

11.0 0.48 0.44 0.99

12.0 0.54 0.51 1.50

13.0 0.61 0.57 2.08

Conclusion: The proposed size of the detention basi.n is sufficient to meet the Stormwater
C.3 requirements using the Unit Basin Sizing chart methodology.

Low-flow orifices starting approximately 3" above the bottom of the pond (EL 8.75') will be
installed in the outlet structure to drain the WQV in 24-48 hours.

Average head for the orifice equation is 2/3 of the maximum head of 9.34'-8.75' = 0.39'
The.target dewatering time is 24 hours for the WQV. Therefore the average flow rate

Q = (0.3 ac-ft x 43560 sf/ac) I (24 hr x 3600 s/hr) = 0.151 cfs
Orifice equation: Q=CAv(2gh) for 0.151 cfs with h=0.39' and C=0.62, yields A = 0.0486 sf
'Eight 1-inch orifices can be used to provide an area of 0.044 sf (use in orifice equation)
Actual average release rate = 0.62 x 0.044 x v(2 x 32.2 x 0.39') = 0.137 cfs

Time to drain WQV: (0.3 ac-ft x 43,560 sf/ac) I (0.137 cfs x 3600 s/hr) = 26.5 hours
This is less than the recommended 48-hour maximum time.
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IMP Sizing for Bioswale #3

Refer to Page 5, the total drainage area for bioswale #3 is measured to be:

ac). The bioswale #3 is measured to be 187 feet long.

Three drainage management areas (DMA) were identified based on the type of

covers: (1) Equipment/Roofs; (2) Asphalt Pavement; and (3) Grass/Landscap. .

/
The measured areas are shown in the following table. The measure~nts were made by
using AutoCAD. ;/

/{

DMA Name
DMA-1
DMA-2
DMA-3

Post-Pro'ect Surface T e
E ui ment/Roofs

As halt Pavement
Grass/Landsca e

Runoff Coefficients
From Table 4-2 of the Stormwater C.3 Guidebo ,the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil for treat nt and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff efficient of 1.0.

/
Consequently, // VOJ0

(

DMA DMA J /L Squore x Runoff =(3,87y!.0+2,086X1.0+19,752xO.1)

Footage Factor . /
= 7A~34fe.

1/"
IMP sizing factor =y07 for the area (A) of bioswale; IMP sizing factor =0.058 for the

surfac::e reservoir vfume 0/1)' See Page 7.
/

Rain adjUstm~factor =0.901. See Page 7.
/

Minimum kea and Minimum Volume of IMP
Per Ret-.l2, Equation 4-7, the required minimum area (A) of the bioswale is:

Min. IMP Area A =L(~::re x ~:ffJ x (~::g Jx (~~:stmentJ
. Footage Factor Factor Factor

. .
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=7,934 x 0.07 x 0.901 = 500 fe.

The required minimum surface reservoir volume 0/1) of the bioswale is:

(
DMA DMA] (IMP ] Gain ,,//]

Min. IMP Volume (V,) =L Square x Runoff x Sizing x A~ent
Footage Factor Factor .:etctor

/'
/'

/=7,934 x 0.058 x 0.901 = 41§,;ft3.
,/

/
The proposed bioswale #3 is 187 feet long. The biosw cross section will be trapezoidal.
Bottom width =2 feet. 8ide slope =3 (h) to 1 (v). T bottom of the bioswale is at EL 11.0.
Drop structure 08-1 will be installed at the end of oswale #3. 8ee B&V Drawing 88-3001.
The top of grate elevation of 08-1 will be at EV13.0 (see Drawing 88-3050). The effective

./'"

depth of the bioswale is: 13.0 -11.0 = 2 feev'"
/y

.ii'

./l,,::E

The surface area of bioswale #3 is:/'
14 x 187 =2,618 fe > 500 tt3(' OK.

ji" -

The volume of bioswale #3 is{~./ ,/ V0' 0
/

2 +14 x 2 x 187~992 fe > 415 fe, OK.
2 /

I

Conclusion: Th~posed size of bioswale #3 is sUfficie~t to meet the 8tormwater C.3
requirements. ,

A spread eet was prepared for the above calculations to follow the format by Contra Costa
Count lean Water Program. 8ee next page.
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", Soil Type IMP Name

A Bioswale#3

DMA DMAArea Post-Project
'.%

DMA Runoff DMAAreax

Name (ff) Surface Type \" " Factor Runoff Factor

DMA-1 3,873 Eauioment I Roofs 1':00 3,873

DMA-2 2,086 Asohalt Pavement 1.00"'"", 2,086

DMA-3 19,752 Landscape, Grouo A Soil 0.10 """""" 1,975 IMP Rain Minimum Proposed

""0"••,.", Sizing Adjustment Area or Area or

"""""" Factor Factor Volume Volume

Total: 7,934 "'-0.070 0.901 500 2,618 IMP Area (ff)

"""'.
V1 (fe)O.O§,{! 0.901 415 2,992

~
NA "'" 0.901 NA NA V2 (fe)

"-',,,-,,,,,.
Orifice Size: NA

c::::::::==:-::
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IMP Sizing for Bioswale #4

Refer to Page 5, the total drainage area for bioswale #4 is measured to be: 190,955 ft2

(4.38 ac). The bioswale #4 is measured to be 391 feet long. ,,Ii
(/'

JI\J,ti"

Five drainage management areas (DMA) were identified based on the type of g~pO~d
covers: (1) Equipment/Roofs; (2) Asphalt Pavement; (3) Gravel Surfacing; (4),,/"

,I

Grass/Landscape; and (5) Transformer Containment.,/"

The measured areas are shown in the following table. The measyte'~ents were made by
;

using AutoCAD. ,/".

DMA Name Post-Proiect Surface Type DMA,Area (ft<!)
DMA-1 Equipment/Roofs /49,314
DMA-2 Asphalt Pavement ./ 33,262
DMA-3 Gravel Surfacing / 109,208
DMA-4 Grass/Landscape 1;1/' 23,692
DMA-5 Transformer Containmen,tr/ 5,479

Runoff Coefficients
From Table 4-2 of the Stormwater C.3,Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A Soil tor treatment and flow control. The "Equipment/Roofs"
and "Asphalt Pavement" will have a runoff coefficient of 1.0. The "Transformer
Containment" will have no rUl)off since all the runoff will go to oil-water separator which
discharges to the sanitary s~wer and will not be discharged on site.

Use 0.6 for dense-grad~lfaggregatesurfacing (see Page 6).

;"[=.:~ffJ = (19,314X1.0+33,262X1.0+1 09,208xO.6+23,692xO.1 +5,479xO)

Foot¢e .Factor
l' .

/ =120,470 ft2.
if'

/
IMP sizing factor =0.07 for the area (A) of bioswale; IMP sizing factor = 0.058 for the
,s'Grface reservoir volume (V1). See Page 7.

i l

/1 Rain adjustment factor =0.901. See Pag~ 7.

/
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Minimum Area and Minimum Volume of IMP
Per Ref. 2, Equation 4-7, the required minimum area (A) of the bioswale is:

Min. IMP Area A = L(~::re X~:ffJx(~~:g Jx(~::stmentJ
Footage Factor Factor Factor

=120,470 x 0.07 x 0.901 = 7,598 fe. //
I'

<!I//

/
The required minimum surface reservoir volume (V1) of the bioswale is(

(

DMA DMA J' (IMP J/[/~ain J
Min. IMP Volume (V1) =L Square x Runoff x Siziny! 'x Adjustment

Footage Factor Fattor Factor

=120,470 x 0.058 x O. 1 = 6,296 fl'. .V60
The proposed bioswale #4 is 391 feet long. The ioswale cross section will be trapezoidal.
Bottom width =2 feet. Side slope =3 (h) to 1 ). The bottom of the bioswale is at EL 12.5.
Outlet structure OS-4 will be installed at t end of bioswale #4. See B&V Drawing SS
3001. The top of grate elevation of OS- will be at EL 15.5 (see Drawing SS-3050). The
effective depth of the bioswale is: 15.5 12.5 =3 feet.

The surface area of bioswale #4 i .
20 x 391 =7,820 fe > 7,~8 fe, OK.

/

/
The volume of bioswale #41s:

.//

2~20 X3X/~= 12,903fe > 6,296 fe, OK. I

/ 2
, / '

Conclusion: T9"proposed size of bioswale #4 is sufficient to meet the Stormwater C.3

requiremen;r , ,
/

Orifices/~tarting approximately 9" above the bottom of the bioswale will be installed in the
outle control structure to discharge stormwater runoff from less intensive storm events to
th etland to maintain hydration of the wetland.

A spreadsheet was prepared for the above calculations to follow the format by Contra Costa
County Clean Water Program. See next page.

/
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" ''''...
Soil Type IMP Name

"c ,
-,-

c""" A Bioswale#4

DMA DMAArea post.Pr~'eC<t DMARunoff DMAAreax
(tf)

'\;....,

Name Surface TVDe "'0. Factor Runoff Factor

DMA-1 19,314 EQuipment I Roofs 1.00 19,314

"'.DMA-2 33,262 Asphalt Pavement "'1.00 33,262
'"",,

DMA-3 109,208 Gravel Surfacino 0.60"·'~ 65,525

DMA-4 23,692 Landscape, Group A Soil 0.10 "- 2,369 IMP Rain Minimum Proposed

DMA-5 5,479 Transformer Containment 0.00 ",0 Sizing Adjustment Area or Area or

',,- Factor Factor Volume Volume

Total: 120,470 '", 0.070 0.901 7,598 7,820 IMP Area (tf)

~O58 0.901 6,296 12,903 Vi (fe)

N~ 0.901 NA NA V2 (ft3)

~-

~"""''''''
Orifice Size: NA

c:::::::.c
-'--
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IMP Sizing for Bioswale #5

Refer to Page 5, the total drainage area for bioswale #5 is measured to be: 290,549"'fe
(6.67 ac) (natural gas facility included). The bioswale #5 is measured to be 385 f6~t long

,r
i

total. ",,(
{

,
DMA Name Post-Proiect Surface Type ,/bMA Area (ft<!)

DMA-1 EquipmentJRoofs / 12,670
DMA-2 Asphalt Pavement / 25,905
DMA-3 Gravel Surfacing/ 186,725
DMA-4 GrassJLandscap~/ 65,229

Four drainage management areas (DMA) were identified based on the typ~' of ground

~~:~~~d~~~~ementlROofs; (2) Asphalt Pavement; (3){::I~~g; an~ (:~<><l Y4-l~'(

The measured areas are shown in the following table. The/~'~asurements w~ m:j~1/./0
,,il

using AutoCAD. /
/'

/

Val ()
Runoff Coefficients ,.
From Table 4-2 of the Stormwater o:§ Guidebook, the "Grass/Landscape" will have a runoff
coefficient of 0.1 for Group A S9if'for treatment and flow control. The "EquipmentJRoofs"
and "Asphalt Pavement" will h~e a runoff coefficient of 1.0.

0J"."'
I'

Use 0.6 for dense-graded199regate surfacing (see Page 6).
,/

i
l

Consequently, /
i

L(=re x~kJ=(12,670x1.0+25,905x1.0+186,725xO.6+89,695xO.1)

Footage /F'actor .
l

,,/ =157,133 ft2.{,t-

: .

IMP ~Jiing factor =0.07 for the area (A) of bioswale; IMP sizing factor =0.058 for the
surf~te reservoir volume (V1). See Page 7.
?,/

.Rain adjustment factor =0.901. See Page 7.
/

/
y/i
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VOIDThe surface area of bioswa'ie #5 is:

25 x 265 + 29 x,120 =10,105 ft2 > 9,910 fe, OK.

Minimum Area and Minimum Volume of IMP ,l'
;It"

Per Ref. 2, Equation 4-7, the required minimum area (A) of the bioswale is: I

Min. IMP Area A =L(~:re x ~:ffJ x (~~~g Jx (~~:stment.) /Footage Factor Factor Factor .I

I'
/

/

=157,133 x 0.07 x 0.901 = 9,910 fe. /

The required minimum surface reservoir volume (V,) of the bioswL

Min. IMP Volume (V1) = L(~;:re· X~:ffJxr~JX(~~:stmentJFootage Factor !Factor Factor
I

=157,133 x 0.058 ~.901 = 8,~11 fe.
/1

The proposed bioswale #5 is. 385 feet lon;(total. The bioswale cross section will be

trapezoidal. Bottom width =10 feet for the fitst 265 feet long section (Section 2 on SS-3001)
and 8 feet for the remaining 120 feet long/section (Section 2A on SS-3001). Side slope = 3

(h) to 1 (v). The bottom of the bioswale is at EL 12.0 for Section 2 and EL 11.0 for Section
2A. Outlet structure OS-5 will be ins~ailed at the end of bioswale #5. See B&V Drawing SS

3001. The top of grate elevation of OS-5 will be at EL 15.0 (see Drawing SS-3050). The

effective depth of the bioswale i~:i14.5 - 11.0 =3.5 feet for Section 2A and 14.5 - 12.0 =2.5

feet for Section 2. See Dwg ~S-3001 in Attachment 1.

~I

6et-rt"l'I ZA
'1JvJl!f SS- 301>/

;'

.l
The volume of bioswale #5 is:

2 + 25 ii;.5 x 265 + 8+ 29 x 3.5 x 120 =16,714 fe > 8,211
2 ./ ~ 2
~
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An orifice will be installed in the outlet structure for bioswale #5 to discharg~ .. sformwater
runoff from less intensive storm events to the wetland to allow the wetlan9c6'~tinue to have
water. See Dwg SS-3001 (Attachment 1). .//

.,,.>,,,,

,.("'

Conclusion: The proposed size of bioswale #5 is sUffi<::ler1«t~ meet the Stormwater C.3
requirements.

A spreadsheet was prepared for the above calculations to follow the format by Contra Costa
County Clean Water Program. See next page.

V[)W
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"'-
" 'c Soil Type IMP Name"<""'"

A Bioswale#5

DMA DMAArea Post-Project DMARunoff DMAAreax

Name (If) Surface Type Factor Runoff Factor

DMA-1 12,670 Eauipment I Roofs 1.00. 12,670

1.00
....

25,905DMA-2 25,905 Asphalt Pavement I

DMA-3 186,725 Gravel Surfacina 0.60 112,035 IMP Rain Minimum Proposed

DMA-4 65,229 Landscape, Group A Soil 0.10 6,523' Sizing Adjustment Area or Area or
""", ",. Factor Factor Volume Volume

' .. IMP Area (If)Total: 157,133 O:l)lO 0.901 9,910 10,105

'. V1 (ft3)0.058 '-. " 0.901 8,211 16,714

~
"", V2 (ft3)NA O~1 NA NA

~ '~",""
Orifice Size: NA

"-
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CONTRA COSTA CLEAN WATER PROGRAM

(Runoff factor) x (tributary area) ::; 2 x (self-retaining area) Equation 4-1

For treatment~onlysites, and

(Runoff factor) x (tributary area) ::; 1 x (self-retaining area) Equation 4-2

for sites subject to flow-control requirements. Use the runoff factors in Table 4-2.

Prolonged ponding is a potential problem at higher impervious/pervious ratios. In
your design, ensure that the pervious area soils can handle the additional run-on
and are sufficiently well-drained.

Runoff from self-treating and self-retaining areas does not reqwre any further
treatment or flow control.

TABLE 4-2. Runoff factors to be used when sizing IMPs.

Treatment and Treatment
Surface Flow Control only

Roofs 1.0 1.0

Concrete or Asphalt 1.0 1.0

Pervious Concrete 0.1 0.1

Porous Asphalt 0.1 0.1

Grouted Unit Pavers 1.0 1.0

Solid Unit Pavers 0.5 0.2

Crushed Aggregate 0.1 0.1

Turfblock 0.1 0.1

Landscape, Group A Soil 0.1 0.1

Landscape, Group B Soil 0.3 0.1

Landscape, Group C Soil 0.5 0.1

Landscape, Group D Soil 0.7 0.1

Areas draining to IMPs are used to calculate the required size of the IMP. On
most densely developed sites-such as commercial and mixed-use developments
and small-lot residential subdivisions-most DMAs will drain to IMPs.

The CCCWP has developed sizing factors (ratios of IMP area to impervious DMA
area). For each IMP design, factors are provided for:
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CONTRA COSTA CLEAN WATER PROGRAM

TABLE 4-6. Sizing Factors

Treatment and Flow Control NRCS Soil Group

IMP A B C D

Bioretenrion Facility

A 0.07 0.11 0.06 0.05

VI 0.058 0.092 0.050 0.042
V2 N/A N/A 0.066 0.055

Flow-through Planter

A N/A N/A 0.06 0.05

VI N/A N/A 0.050 0.042

V2 N/A N/A 0.066 0.055

Dry Well

A 0.05 0.06 N/A N/A

V 0.130 0.204 N/A N/A

Cistern + bioretention facility

A (bioretention facility) 0.04 0.04 0.04 0.04

V (cistern) 0.193 0.228 0.088 0.060

* Cistern sized for flow control when used in conjunction with a treatment IMP. IMP
underdrain required in B, C and D soils.

T OnIreatment ly

Bioretention Facility

A 0.04 0.04 0.04 0.04

Flow-through Planter

A 0.04 0.04 0.04 0.04

Dry Well (treatment only)

A 0.02 0.04 N/A N/A
V 0.068 0.136 N/A N/A

Units Notes:

A = ft2 of IMP footprint per ft2 of tributary impervious area (unitless)

V, VI, V2 = ft3 per ft2 of equivalent tributary impervious area (ft.)

STEP 5: OBTAIN SIZING AND RAIN ADJUSTMENT FACTORS FOR EACH IMP

For each of the IMPs, obtain the appropriate area sizing factor from Table 4-6.

Sizing factors for treatment-only IMPs (in italics) do not require any adjustment for
differing rainfall patterns.

Both area (A) and volume (VI' Vz) sizing factors for treatment-plus-flow-control
IMPs, however, must be adjusted to account for the effects of differing rainfall
patterns on pre-project and post-project runoff.
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CHAPTER 4: LID DESIGN GUIDE

Use the equations below to compute the rainfall adjustment:

Equation 4-3

0.0009 x tMAPprO}eCI site - 20.2)+ 0.07
For Group A soils, Rain Acijustment =-----...:.----=---.:..-------

0.07

Equation 44

- 0.0005 x tMAPpro}ect site - 20.2)+ 0.11
For Group B soils, Rain Acijustment =--------------

0.11

Equation 4-5

- 0.0022 x tMAPprO}eCI site - 20.2)+ 0.06
For Group C soils, Rain Acijustment =-----=--....:....-:...-------=--

0.06

Equation 4-6

- 0.0022 x tMAPprO}eCI site - 20.2)+ 0.05
For Group D soils, Rain Acijustment =--------.:..-.:..------

0.05

where MAP is the mean annual precipitation at the site as shown on the isohyetal
map, Contra Costa County Public Works Figure B-l66, available on the CCCWP
C.3 web pages.

~ STEP 6: CALCULATE MINIMUM AREA AND VOLUME OF EACH IMP

The minimum area and storage volumes of each IMP are found by summing up
the contributions of each tributary DMA and multiplying by the adjusted sizing
factor for the IMP.

Equation 4-7

[

DMA DMA J [ IMP J [ Rain J
Min. IMPArea or Volume =I Square x Runoff x Sizing x Acijustment

Footage Factor Factor Factor

Bioretention facilities and flow-through planters have two storage volumes. V1 is
the floodable volume above the soil layer. Vz is the storage volume below the soil
layer, calculated by multiplying the volume of gravel by an assumed porosity of
0.4. See Figure 4-6. Note these volumes can be configured in a variety of practical
combinations of depth and area to best fit into your landscape design.
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CONTRA COSTA CLEAN WATER PROGRAM

Cisterns and dry wells have a single storage volume (V).

V is calculated using Equation 4-8:

Equation 4-8

[

DMA DMA] [IMP VOlume] [ Rain ]
Min. V =L Square x Runoff x Sizing x Adjustment

Footage Factor Factor Factor

Use the format of Table 4-7 to present the calculations of the required minimum
area and volumes of the receiving IMP:

TABLE 4-7. Fonnat for presenting calculations ofminimum IMP Areas and Volumes

IMP Name
Soil

Type:

DMA
Area

xDMA
Ruff

Post
project

if<

DMA
Area

(.DMA square su ace no runo
Name feet) type factor factor

Rain
IMP Acijust- Minimum Proposed
Sizjng ment Area or Area or
factor Factor Volume Volume

Total IMPArea

VorV1

V2

Orifice
Size:

~ STEP 7: DETERMINE IF IMP AREA AND VOLUME ARE ADEQUATE

Sizing and configuring IMPs may be an iterative process. After computing the
minimum IMP area using Steps 1-6, review the site plan to determine if the
reserved IMP area is sufficient. If so, the planned IMPs will meet the Provision
C.3 sizing requirements. If not, revise the plan accordingly. Revisions may
include:
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Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPES-Contra Costa
County, California

Contra Costa County, California

Dij~:-DELHISAND, 2 TO 9 PERCENT SLOPES

Map Unit Setting
Elevation: 10 to 150 feet
Mean annual precipitation: 12 to 14 inches
Mean annual air temperature: 59 degrees F
Frost-free period: 260 to 300 days

Map Unit Composition
Delhi and similar soils: 85 percent
Minor components: 15 percent

Description of Delhi

Setting
Landform: Flood plains. terraces. alluvial fans
Landform position (three-dimensional): Tread, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Eolian deposits derived from igneous and

sedimentary rock

Properties and qualities
Slope: 2 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Sarn~~b.at~~l~~L
Capacity of the most limjtiaq layer to traa~f]J;t WfJrPL(Ksat): Ijjab...!2..-

,~ry.blg!l...(5!95 to 1998 in/he) ...
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.0 to 2.0 mmhos/cm)
Available water capacity: Low (about 4.2 inches)

Interpretive groups
Land capability classification (irrigated): 3s
Land capability (nonirrigated): 6e

Typical profile
oto 5 inches: Sand
5 to 60 inches: Sand

Minor Components

Unnamed
Percent of map unit: 12 percent

• l')DA Natural Resources
Conservation Service

Web Soil Survey 2.1
National Cooperative Soil Survey

31612009
Page 1 of 2
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Map Unit Description: DELHI SAND, 2 TO 9 PERCENT SLOPE5-Conlra Costa
County, California

Laugenour
Percent of map unit: 3 percent

Data Source Information

•

•

Soil Survey Area:
Survey Area Data:

USDA Natural Resources
Conservation Service

Contra Costa County, California
Version 8. Jul 22, 2008

Web Soil Survey 2.1
National Cooperative Soil Survey

316/2009
Page 2 of2
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Hydrologic Soil Groups

•

•

•

Appendix A

Soils are classified into hydrologic soil groups (HSG's)
to indicate the minimum rate of infiltration obtained for
bare soil after prolonged wetting. The HSG's, which are
A, B, C, and D, are one element used in determining
runoff CUIVe numbers (see chapter 2). For the conve
nience of TR-55 users, exhibit A-1lists the HSG classifi
cation of United States soils.

The infiltration rate is the rate at which water enters the
soil at the soil surface. It is controlled by surface condi
tions. HSG also indicates the transmission rate-the rate
at which the water moves within the soil. This rate is
controlled by the soil profile. Approximate numerical
ranges for transmission rates shown in the HSG defini
tions were first published by Musgrave (USDA 1955).
The four groups are defined by SCS soil scientists as
follows:

Group Asoils have low runoff potential and high infil
tration rates even when thoroughly wetted. They consist
chiefly of deep, well to excessively drained sand or
gravel and have a high rate of water transmission
i~~er than 0.30 inllP.:L_

Group Bsoils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately
deep to deep, moderately well to well drained soils with
moderately fine to moderately coarse textures. These
soils have a moderate rate of water transmission (0.15
0.30 in/hr).

Group Csoils have low infiltration rates when thor
oughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a
low rate of water transmis!?ion (0.05-0.15 in/hr).

Group Dioils have high runoff potential. They have
very low infiltration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling poten
tial, soils with a permanent high water table, soils with a

~. claypan or clay layer at or near the surface, and shallow
soils over nearly impervious material. These soils have a
very low rate of water transmission (0-0.05 inIhr).

In exhibit A-I, some of the listed soils have an added
modifier; for example, "Abrazo, gravelly.p This refers to
a gravelly phase of the Abrazo series that is found in
SCS soil map legends.

Disturbed soil profiles

As a result of urbanization, the soil profile may be co
siderably altered and the listed group classification n
no longer apply. In these circumstances, use the folIc
ing to determine HSG according to the texture of the
new surface soil, provided that significant compactic
has not occurred (Brakensiek and Rawls 1983).

HSG Soil textures

_A Sa_n_d,, loamy sand, or san9Y loam

B Silt loam or loam

C Sandy clay loam

D Clay loam, silty clay loam, sandy clay, silt
clay, or clay

Drainage and group D soils

Some soils in the list are in group D because of a hi!
water table that creates a drainage problem. Once tJ
soils are effectively drained, they are placed in a dif
ent group. For example, Ackerman soil is classified
ND. This indicates that the drained Ackerman soil i
group A and the undrained soil is in group D.

(210-VI-TR-55, Second Ed., June 1986)
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Zhong. Jimmy

From: Dan Cloak [dan@dancloak.com]

•

sent: Monday, March 02, 2009 3:54 PM

0: 'Tom Dalziel'; Zhong, Jimmy

Subject: RE: Stormwater C.3 Question

Hi,

It is correct that dense-graded aggregates are not very pervious. Why not use an open-graded aggregate, such as lh
in. crushed rock? Be sure to use a rigid frame around the gravel area.

"Porous Pavements" by Bruce Ferguson is a good reference for porous pavement design.

If dense-graded aggregate is used, I would suggest a runoff coefficient of 0.5 to 0.7, depending on slope.

Dan

From: Tom Dalziel (mailto:tdalz@pw.cccounty.us]
sent: Monday, March 02, 2009 11:04 AM
To: Zhong, Jimmy; Dan@dancloak.com
Subject: RE: Stormwater C.3 Question

Hi Dan,

Can you review and respond, as appropriate, to Jimmy on my behalf?

eanks.

Tom Dalziel
Assistant Program Manager
Contra Costa Clean Water Program
tdalz@pw.cccountv.us
Ph. (925) 313-2392, Fax (925) 313-2301

From: Zhong, Jimmy [mailto:ZhongJ@bv.com]
sent: Wednesday, February 25,20091:11 PM
To: Tom Dalziel
Subject: Stormwater C.3 Question

Tom,

I talked to you and Dan this morning regarding runoff factor for Class 2 aggregates (Caltran Standard
Specification Section 26). After our phone call, I had a discussion with my supervisor. He indicated that this
type of material is dense-graded aggregate which is typically used as pavement base material. After being
compacted, this type of material is not that pervious based on his experience. Dense-graded aggregates
have much lower porosity than open-graded aggregates after compaction. As such, my supervisor thinks
the runoff factor of 0.1 can apply to open-graded aggregate but may not be able to apply to dense-graded
aggregate. Would you please forward this email to Dan and ask him again if a runoff factor of 0.1 can still

• applied to Class 2 aggregates (compacted)? If not, what kind of runoff factor should be used?

I apologize if I did not communicate clearly this morning on the type of material we are using and for any
confusions it caused.

3/24/2009



Thanks again for your help.

Jimmy Zhong, P.E.
Geotechnical/Civil Engineer

•
ergy Division

ack & Veatch Corporation
3550 Green Court, Ann Arbor, MI48105
P: (734) 622-8533 F: (734) 622-8700

•

•
3/24/2009
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DECLARATION OF SERVICE

I, Mary Finn, declare that on September 28.2010, I served and filed copies of the
attached Oakley Generating Station Project (09-AFC-4) Supplemental Information Item #4:
Revised Stormwater Drainage Design. The original document, filed with the Docket Unit, is
accompanied by a copy of the most recent Proof of Service list, located on the web page for
this project at:
[http://www.energy.ca.gov/sitingcases/contracostalindex.htmll. The document has been
sent to both the other parties in this proceeding (as shown on the Proof of Service list) and to
the Commission's Docket Unit, in the following manner:'

(Check all that Apply)

For service to all other parties:

sent electronically to all email addresses on the Proof of Service list;
_x_ by personal delivery;

by delivering on this date, for mailing with the United States Postal Service with first-Class postage thereon
fully prepaid, to the name and address of the person served, for mailing that same day in the ordinary
course of business; that the envelop~ was sealed and placed for collection and mailing on that date to those
addresses NOT marked ..email preferred."

AND

For filing with the Energy Commission:

X sending an original paper copy and one electronic copy, mailed and emailed
respectively, to the address below (preferred method);

OR

__depositing in the mail an original and 12 paper copies, as follows:

CALIFORNIA ENERGY COMMISSION

Attn: Docket No. 09-AFC-4
1516 Ninth Street, MS-4
Sacramento, CA 95814-5512
docket@energy.state.ca.us

Ideclare under penalty of pe~ury that the foregoing is true and correct, that I am employed in the county where this
mailing occurred, and that I am over the age of 18 years and not a party to the proceeding. .

~

Mary Finn

mailto:docket@energy.state.ca.us
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